CAMBRIAN BRACHIOPODA WITH DESCRIPTIONS OF NEW 
GENERA AND SPECIES. 



By Charles I). Walcott, 

Ilonomry ('nr<ttm\ Division of Stratlijraphic. Pohiotdohxjij. 



The following genem aiid subgenei*a ui'e referred to in this paper, 
either in descrildiig them or in referring new species to them: * 

Protremata: Ij!UJh<fscU<f {Otusla); 

(J(Uiteselh()y St rophomeiKi (^Kost rojyJionuna)^ OtfJus {Ph (forth yx) 
Orthis {Orifsla); Orthis {Pfnhlnt)ur(/i<(): Protorthtx; Protorthix 

{pyperla): Sf/ntrophta ; Polytivchin ; Sfntntorla. 

Neotremata: Oholelhc Arrotrdu; Acrotlnjra; Acnythele. 

Atremata: Iphidetla; Katorghm ; RdxtrJl((; Dicdtomnx; (^}(rt!eea; 
Qu(fyeci(t; Elhinia; Schuchrrt h)(( ; Ot>oIns; Oholds {Lhujdlettif): Oho- 
hfx {Li ti<jf(Iej>is) : (Jholnx ( Wtxton ia). 

This is the sixth paper residting from the pivliminary studies for 
the monograph on th(‘ Cambrian l)ra(*hiopoda. Tluvse notes/^ like 
those that have preceded, are published in the hope that they may be 
of service to students prior to the appearance of tla^ monograph. 

Genus BILLINGSELLA Hall and Clarke. 

1857. Orthis Billings, Ke]»ort ( Icolo^ica] Survey of Cana<la, p. 297. 

18(10. Orthis SiirMAKD, Trans. St. Louis xIitkI. Sci., 1, p. 027. 

"Note on tlie ^enus Lingulepis, Ainer. Jour. Sci., 4th ser., Ill, 1897, pp. 404, 405. 

Cambrian Brachiopoda: Genera Iphiclea and Yorkia, witli descriptions of new 
species of each, and of the genus Acrothele, Proc. L^. S. Nat. Mus., XIX, 1897, pp. 
707-718. 

Note on tlie brachiopod fauna of the (piartzitic pebbles of the Carboniferous con- 
glomerates of the Narragansett Basin, Rhode Island, Amer. Jour. Sci., 4th ser., VI, 
1898, pp. 327, 328. 

C'ambrian Bracliiopoda: Ol^olus and Lingulella, with descriptions of new species, 
Proc. U. S. Nat. ]Mus., XXI, 1898, pp. 385-420. 

Cambrian Brachiopoda; Obolella, sul)genus Glyptias; Bicia; Obolus, subgenus 
Westonia; with de.sci*iptions of new species, Proc. U. v^. Nat. Mus., XXIII, 1901, pp. 
669-695. 

Cam/)rian Brachiopoda; Acrotreta; Linnarssonella; Obolus; with descriptions of 
new species, Proc. U. S. Nat. Mus., XXV, 1902, pp. 577-612. 
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1SI)1. Orthisimi l{iu,iN<;s, (Jooln^^y of X'onm.nit, II, ]>. M.'^O 

OrUiisJtut P>ii.MN(;s, 1 Xili'ozoic lojssils, I, p. 10, fi^s. II, lU. 

IS02. (h'thh)U(i liiLLiNCis, Piileoznir 1, p. IMS, 115. 

186M. (M///.S- 1 ! Ai.L, lOtli K(‘pt. X. Y. Slat(‘ (Xib. Xal. I list., p. K>4, jd. vi, figs. 23-27. 

1803. Ovth'tPum Billings, (loology of Canada, p. 2<S4, tig. 289. 

1807. Orthishtd Hall, Trans. Albany Institute, V, p. 113. 

18()8. Orlhiii IIahtt, Dawson’s Acadian (Jeology, Second Edition, p. 044, 
tig. 233. 

1882. Ortkis Whitfield, Ceology of Wisconsin, IV, p. 170, pi. i, tigs. 4, 5. 

1883. Ortlm [Orthhimt .^) Hai.l, Report of State Geologist, X. Y., pi. xxxvii, 

tigs. 10-19. 

1884. Orthhihta Whitfield, Bull. Am. 51ns. Xat. Hist., 1, p. 144, jd. xiv, tig. 6. 

1884. OrUiix Walcott, Bull. Xo. 10, U. S. Geol. Survey, p. 17, pi. i, tigs. 1, la-d. 

?1884. Ortliia Walcott, 5Iongr. IT. S. Geol. Survey, VIII, p. 22, pi. ix, tigs. 8, 8a. 

1880. Orthishia Walcott, Bull. Xo. 30, V. S. Geol. Survey, pj). 120-122, pi. vii, 
tigs. 5-7. 

1880. Orthis Matthew, Trans. Roy. Soc. of Canada, Sec. IV, p. 43, pi. v, tigs. 
20a-e; (?) \k 42, })1. v, tigs. I8a-c. 

1892. BlUingseUa Hall and Clakke, Pal. Xew VTn'k, VIII, Pt. 1, }>. 230. 

1890. Orlhis {BiUintjsella) Sakdeson, Bull. 5Iinnesota Acad. Xat. Sci., IV, 
p. 90. 

1897. BiUingsella Schuchert, Bull. LT. S. Geol. Survey, No. 87, p. 158. 

Dia(j})Oi^J ,^. — Shell .suhqiuidrate or suhsernicircukir in outline. Con- 
tour unequally biconvex or plano-convex. Shell punctate. {(:) Surface 
striate or plicate. Ventral valve with the greatest convexity; cardinal 
area moderately high, slightly inclined outward; delthyriuui covered 
by a convex [date which in the tvpe species B. coloradoi nsi^ has a 
minute perforation near the apex; teeth well developed, with dental 
plates extending to the bottom of the unibonal cavity and forming the 
sides of a small area opposite the delthyrium, where the pedicle mus- 
cle was probably attached. In the dorsal valve the cardinal area is 
strongly inclined, but less than 90 to the plane of the valve. The 
delthyrium is partially covered by a convex chilidium, or it may be 
altogether absent. Cardinal [)rocess single. 

Type , — (hilus coloradoenxi^ Shumard. 

—Messrs. Hall and Clarke founded the genus on OrtJds 
pepina Hall, which is a synonym of Oetius colomdoeml'^ Shumard. 
The material from the limestones of Texas in the collections of the 
Survey show the form of the teeth in the ventral valve, also the delti- 
dium and the minute perforation near its apex. Messrs. Hall and 
Clarke state in their diagnosis that 'Hn rare instances [it] may be 
minutely perforated at the apex,” but do not name the species in 
which the perforation occurs or where the specimens showing it are 
to be found. All the species known to me are biconvex or plano- 
convex; none are concavo-convex as detined by Messrs. Hall and 
Clarke. 

The genus is essentially orthoid, but it di tiers in the presence of the 
arched deltidium and its general aspect. 
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TIh^ species iJiav be oronpc'd on sui*face chanictei-s into four sections 
as follows: 

1. Costato: 

B, f nppalachia. 

B, coloradoenm. 

B. dire. 

B. exporrecta. 

B. hicksi 
B. lindstroini. 

B. major. 

B. obscura. 

B. orient<dis. 

B. pumpelhfi. 

B. rkhthofeni. 

B. romhajerl. 

B. .striata. 

2. Smooth costate: 

B. plica tel hi. 

3. Smooth striate: 

B. higJdandensis. 

4. Smooth: 

B. f anomala. 

B. harlaaensis. 

B. saffordi. 

B. salemensis. 

B. wkitfieldi. 

Of the species referred to the o*eiiiis, BW'nuj.sdhi fxporreeta is one 
that departs from th(‘ typical species in the alisence of a convex delti- 
diiiin; whether this is owing- to the absence of a deltidiuin originally 
01- to its accidental removal fi-oin th<‘ specimens studied, is undecided. 
The species referred to BlUhi(jmU<i are: 



Name. 


Cambrian. 

L. M. V. 


< >rd. 


1. f iinoinuln new species 








‘2. f appQ^z.\‘hict, new species 




X 




3. r.nK-7i'a(loen.*iis Rhmnnrd 


X 


X 




't. dice, new species 






X 


5. fxpnrrf.ct.a 


X 






exporreeln va.r. rugoaicn.d.afn , new variety 


X 






6. harlnnenfiifi, new species 


1 X 






7. hicksi (Salter) Davidson 


1 X 






8. Mghlande7is>lf> \\ii\(‘C)tt 


X 






9. lindstromi Linnarssoii 


X 






10. major, new species 




X 




11. obscura, new species 


X 




12. urientalis Whitfield 


X 






13. plicatella, new species .' 




X 




14. pumpelUfi, new species 


X 






15. richthnff.ni, new species 


1 X 




16. ram in qe.ri Ba rr. (Sp.) 


...1 X 




17. saffordi, new species 


.X 






18. salemensis Walcott 


X . 






19. striata, new species 


X 




20. whitjieldi Walcott 


X 




Olusia, new subgenus of Billingsella. 

1. Winchell . 


1 


h 






1 
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BILLINGSELLA ? ANOMALA, new species. 

Shell sub({iKidriljiteviil, with the (loi*sal valve tnin.svevse. On the 
ventral valve the cardinal line slopes toward the beak at an angle of 
from 15 to , while in the dorsal valve it is nearly straight. The 
greatest width of the valves is about the middle of the shell. Owing 
to compression aiid conse([uent distortion there is (‘onsiderable varia- 
tion in the I'elative proportions of length and breadth. The cardinal 
angle is acute, in soim* instances extending out some distance beyond 
the widest portion of the shell, resembling in this respect the cardinal 
angles of some of the Stromphomenida\ All of the specimens are so 
(‘ompressed in the shale that little is preserved of their natural con- 
vexity. A low. broad, mesial sinus occurs on th(‘ dorsal valve, and 
there is a slight flattening of the anterior central portion of the ven- 
tral valve. 

The surface is marked l)v tine, radiating striie that are increased in 
number toward the front by th(' addition of interstitial striie. giving 
a fasciculate appearance to the surface. The ladiating striie are 
crossed by concentric lines of gi'owth and tine striie. The surface as 
described occurs in one specimen, all other specimens being nearly 
smooth. This, however, may arise from maceration and fattening 
out of the surface characters by compression. The interior of the 
shell appears to have been covered by minute punctie. 

The largest speidmen of the collection has a transverse diameter of 
14 mm. The average size of the ventral valve is about 8 mm. in 
height by 8 mm. in width. 

Cardinal area about one-tifth the height of the shell. It is marked 
b}^ transverse striie of growth that cross it parallel to its bas(v 
Delthyrium ratlnu* broad. No traces of the deltidium have Ix^en 
observed. Cardinal area of the dorsal valve short. It is divided 
midway by a strong delthyrium. Nothing is known of the interior 
chiu’iicters (vxcept the prcsimce of short crura in the dorsal valve. 

-This shell occurs quite abundantly in the' very tine, 
butf-colored, argillaceous shales of the Coosa Valley Cambrian section. 
Ther(‘ is doubt as to its surface characters, as only one specimen found 
in the same beds has radiating striiw All others appear to be nearly 
smooth. Its strongest <*haracter is the extension of the cardinal angle. 
Owing to the imperfection of the material the generic reference is 
doubtful. 

Fonnathm and local ft i /. — Middle Cambrian, Coosa Valle}" shales. 
Cowan Creek section. Edwards farm, near Craigs ilountairi, Chero 
kee County. Alabama. 
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BILLINGSELLA? APPALACHIA, new species. 

The outline of the dorsal valve is rounded sulK[iiadrate. The height 
and width of the venti'al valve are about the same. Dorsal valve 
slightl}^ transverse. 

The surface is marked by round, very fine, radiating costae, and 
lines of growth, with very tine interstitial concentric .striic. 

The average size of the ventral valve is about 10 mm. in height 
with an equal width. The largest shell observed was a ventral valve 
with a width of 14 mm. 

Cardinal area of the ventral valve rather low. It is divided midway 
by a rather strong delthyrium. 

Ohservations . — This shell in form and size is much like that of U/ 
anomala. It differs in strongly marked surface characters. All the 
specimens are flattened in the shale by compression, and nothing is 
known of the interior characters. 

Formation and locality . — Upper Cambrian. Rogersville shales. 
Four miles northeast of Rogersville, on roadside just east of Harlan’s 
Knob, Tennessee. 

BILLINGESLLA COLORADOENSIS Shumard. 

Orthis coloradoensis Shumard, Trans. St. Louis Acad. Sci., I, 1860, p. 627. 

Ovthis pei/nin Hall, 16th Kept. N. Y. State Cab. Nat. Hist., 1863, p. 134, pi. vi, 
figs. 23-27. 

Orihis pepimt Hall, Trans. Albany Institute, V, 1867, p. 113. 

Orthis pepina Whitfield, Geol. Wisconsin, IV, 1882, j>. 170, pi. i, figs. 4, 5. 

Ortldsf (Orthisma.^ ) pepina Hall, 2d Ann. Rpt. Y. Y. State Geologist, 1883, 
pi. xxxvii, figs. 16-19. 

BUlingsella pepina Hall and Clarke, Pal. New A"ork, VIII, 1892, Pt. 1, pi. 
VII, figs. 18-19; pi. viiA, figs. 7-9. 

Orihis (Billing sella) pepina Sardesox, Bull. ^linnesota Acad. Nat. Sci., IV, 
1896, p. 96. 

BUlingsella coloradoeinds Schuchert, Bull. U. S. Geol. Siir., No. 87, 1897, p. 158. 

BUlingsella coloradoensis Walcott, ^longr. XXXII, V. S. Geol. Survey, Pt. 2, 
1899, p. 450, pi. Lxi, figs. 1, 1 a-d. 

Shell usually transverse, but in many examples the ventral valve is 
longer than wide. The general outline is irregularly subquadrate to 
subsemicircular. On the ventral valve the hinge line slopes toward 
the beak at a low angle, while in the dorsal valve it is nearly straight. 
In some individuals the greatest width is at the hinge line. In others 
it is at about the middle. There is considerable variation in the rela- 
tive proportions of length and breadth. 

The ventral valve is slightly more convex than the dorsal. The 
degree of convexity of the two valvTS varies considerably in specimens 
from different localities. Some of the ventral valves from the Hudson 
beds at Franconia, ^linnesota and the 3 mung shells from Trempealeau, 
W isconsin are strongly convex. 
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A 1()\\% broad, nu‘sial sinus occurs on nearly all speciniens of tlie 
dorsal valve, Ixdiio* stronou^st in the youuo' shells, and occasionally a 
shallow sinus is (dearly (hdincd on tin' vcaitral valv(^ It is (jiiite rare 
to lind a w(‘ll-iiiark(Hl median fold on th(‘ ventral valve. 

The surfac(‘ is mai'ked by shaiplv i*ounded, tine, i‘adiating’ cosbe, 
crossed l)y line, (‘oneentric lines of growth, and veiy tine, slightly 
undulating concentric striie. The size and sharpness of the radiating 
costiv vary greatlv in specimens from the same bed at the typical 
locality in Texas. Shells occur with strong, rounded cosUe, and no 
ti’aces of tine, elevated lines between, while others show from one to 
four or more lines that start at vaiying distanc(‘s from the beak. The 
imbricating lines of growth give a concentrically ridged aspect to 
some shells, while others are nearly smooth from beak to frontal 
margin. The increase in the number of costae is by inbu’polation, not 
by bifurcation. 

There is considerable variation in the size of the shell. The largest 
specimens from Texas have a transverse diameter of lb mm., with a 
heighthof Id mm. for the dorsal valve, and about 18 mm. for the ven- 
tral valve. Specimens of the venti'al valve from the Yellowstone 
National Park have a height of Id mm. with a width of 15 mm. 

Cai*dinal area of ventral valve moderately high. It is marked by 
transverse stria' of growth that cross it parallel to its base and arch 
over the convex deltidium. The plane of the area extends backward 
at an angle of about 10 to the plane of the margin of the shell. The 
delthyrium is strong and covered b^" a convex deltidium, the front 
margin of which arches back about one-tifth the length of the del- 
thyrium: the deltidium is marked by concentric stria of gi‘owth and 
tine radiating lines and a minute perforation near its apex. The cardi- 
nal ar('a of the dorsal valve is short as comi)ared with the ventral 
valv(‘. It extends backward at an angk‘ of about d5' to the plane of 
the margin of the valve. It is divided midway by a strong delthyrium, 
whi(‘h is cH)vered about half its distance by a convex chilidium. 

In the interior of the ventral valve the hinge teeth appear to l)e sup- 
ported by dental plates that extend down to the bottom of the valve 
and bound the tripartite umbonal space opposite the dcdthyrium, into 
which the vascular sinuses extend on each side of the diductor muscle 
impressions, or their path of advance. The traces of the vascular s}"s- 
tem aj-e contined to the main vascular trunks, which extend forward 
near!}" to the front margin, where in some examples they are bifur- 
cated. The inner l)ranch extends in toward the median line, disap- 
pearing in the numerous radiating depi*essions near the margin. The 
lateral branches appear to connect with the peripheral canaLthat arches 
about the space, probably occupied by the ovarian areas, between 
itself and the main vascular trunks. The spaces for the attachment of 
the muscles between the main vascular trunks appear to have been 
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quite large, extondiiig forward to the anterior tiftb of the length of the 
valve, but no subdivisions indicating the })oints of attachnient of the dif- 
fei'cnt muscles have beiui detected. The pedicle muscles wei-e prob- 
ably attached to the elevated posterior portion of this central area. In 
some eawSts this posterior area is scarcely elevab'd above the plane 
of the interior. In others it is quite prominent. 

In the interior of the dorsal valve the interior of the deltidial cavity 
supports a small, well-developed cardinal process or callosity, and a 
slight, narrow, median ridge occurs just in advance of the deltidial 
cavity, bhe crura are short and well detined, with relatively shallow 
dental sockets beside them. The cardinal process and crura vtiry in 
size and length in shells from the same locality. The only traces of 
the muscle scars observed show the anterior adductor impressions. 
The vascular trunks of the doi'sal valve diverge from the central line 
about the center of the shell after passing around th(‘ adductor muscle 
impressions. 

Ohsermtions . — The average size of the typical specimens from Texas 
is from 10 to lA mm. in height for the ventral valve, the width being 
about the same. At one locality on Morgan’s Creek several dorsal 
valves were found that have a width of 18 mm., with a height of 
12 mm. This may ])ossibly indicate a variety or distinct species, but 
with the material in the collection it is impossible to determine it 
definitely. The shells from the upper Mississippi Valley in Wisconsin 
and ^Minnesota average about the same size as the typical forms from 
Texas. The young shells are much more convex. The material from 
the Gallatin Range, Yellowstone National Park, is also mucli like that 
from Texas, but that from the limestone near iMalad City, Idaho, 
while containing typical shells, also has specimens as large as those 
from Morgan’s Creek, Texas. 

BilUngseUa major differs from B. coloradoensis in the character of 
the surface striation, also in its larger size. B. pUeatdIa is a unformly 
smaller and more convex shell, and also has distinct surface characters. 
The same is true of B. sfriat(/. 

This species has a wide geographic range that extends from Texas 
to Missouri, Minnesota, and Wisconsin, and westward into Montana, 
Wyoming, and Idaho. Its vertical range in Texas is limited to the 
upper portion of the Middle Cambrian, and in Wisconsin and Minne- 
sota to the St. Croix sandstone from the upper portion of the zone of 
the ]\liddle Cambrian horizon nearly through the zone of the Upper 
Cambrian fauna; in Idaho to the Middle Cambrian; in the upper Gal- 
latin Valley of Wyoming to the Upper Cambrian; and probablj- the 
same hoi izon in the Gallatin Valley below in ^Montana. There does 
not appear to be any specific variation in the shells fi’om Texas, the 
upper Mississippi Valle}^ and the Upper Cambrian of Wyoming. 

Formation and locality. — Middle and Upper Cambrian. 
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In T(‘xjis ahuiidiint in the limestones of tlie Middle Ciunbrinn, at 
Pa<‘ksaddle ilountain, Llano CVmnty; at Moro*aibs Creek, Honey 
Creek, and Coal Creek Canyon in Unrnett County. 

In AViseonsin, ^Middle CAnnhrian at Trempealeau, below the fifth trilo- 
])ib^ b(‘d; also in the uppermost horizon of the Upper Caml)rian at 
that locality; Middle Cambrian zont^ at Hudson, at l)luff near city and 
4 miles from Keadsburg; Osceola Mills (piai’ry in suburbs of village 
near 8t. Croix Kiver; Berlin; Winona; Alma; and ^Menominee. 

In M iniK^sota, 4 miles southeast of Lake City; River Junction, 
Houston, 20 miles belo>v Dresbach; Red Wing; Reads Landing, foot of 
Lake Pepin; ^linneiska. 

In Missouri, casts of this shell occur in the thin-bedded magnesian 
limestones 50 feet above the conglomerate series in St. Francois County, 
collected by lAr. Frank Nason; at about the same horizon in Iron 
County, in sec. 22, T. 85, R. 1 E., collected by Air. D. K. Gregor. 

In Montana, Spring Hill Canyon, west side of Bridger Range; east 
and west sides of Dry Cieek above Pass Creek, Gallatin Valley; north 
and east Gallatin River, near Hillsdale. 

In Idaho, Gtillatin limestone 8 miles southeast of Alalad City; also, 
2 miles southeast of Malad City in limestone resting on the Flathead 
sandstones. 

In Wyoming. Gallatin limestone on the divide at the head of Sh(‘cp 
Creek, Teton Range; Crowfoot section, Gallatin Range; also on the 
north slope of the Crowfoot Ridge on the south side of the Gallatin 
Valley, and on the divide between Panther Creek and the Gallatin 
River. 

As far as known the species occurs in association with the Aliddle 
Cambrian fauna in Texas, Wisconsin, Alinnesota, and Idaho. In the 
Teton and Gallatin Ranges, Wyoming, however, it occurs at the upper 
limit of the Cambrian. 

BILLINGSELLA DICE, new^ species. 

In general form and surface this shell is related to romimjeri. It 
differs from the latter in its strong dental plates. 

Fonnafion ami loadlty. — Lower Ordovician ( i') The specimens of 
this shell are from a drift bowlder found near St. Albans, Vermont. 
The lithological characters of the matrix point to the arenaceous lime- 
stones of the Phillipsburgh formation just north of the United States 
and Canadian boundaiy as the source of the bowlder. 

BILLINGSELLA EXPORRECTA Linnarsson. 

Orthis exjjorrecfa Linnarsson, Bihang till K. Svenska Vet. Acad. Handlingar, 

III, 1876, No. 12; Bra< h. Paradoxides Beds of Sweden, p. 12, pi. ii, figs. 

pi. Ill, fig.^. 20, 21. 

< hihii< i’j porm'fit K avsek, ( ■aiiilirisclie Brach. v'oii Liaii Tiiiig, China, Richthofen, 

IV, I80:>, p, :>5. 
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Shell transversely subs('micir(*iilar; with the hino-{^ lino iisnally a 
little shorter than the oi oatest width. In a few (‘xainples it is a tritle 
lono’er; the cardinal angles are obtusely angular. The ])i‘oportions 
betwe(Mi the length and breadth vary. The ventral valve is c*onsider- 
ably nioreeonvex than the dorsal. It is evenly rounded whih' the dorsal 
valve usually has a tlattening of the median area, and soiiietiines a slight, 
broad sinus. The siiidace is marked 1)V numerous radiating (‘ost<e and 
very tine coneentrie strije between the eosta% and a few visible lines of 
growth. The costie are rounded, usually, but not always, l)roader than 
the interspaces and continuous from the uml)o to the front and lateral 
margins; they appear to be quite regular, although varying much in 
size, and increasing somewhat irregularly by interjjolation of new 
costaq this usually occurs near the umbo, but may occur near the middle 
of the valve. The largest ventral valve in the (‘ollection has a length 
of 1) mm. and breadth of 11 mm. Dorsal valve, length 7 mm., breadth 
10 mm. Cardinal area of ventral valve high and overhanging the 
posterior margin. The delthyrinm is large and appetirs to have just 
a trace of a deltidium about its sides. Cardinal area of dorsal valve 
short and slightly inclined forward; it is di\ id(‘d midway by a broad 
delthyrinm, which is divided by a strong cardinal process. 

In the interior of the ventral valve, strong, main, vascular sinuses 
extend well forward toward the front margin; the east of the umbonal 
cavity opposite the delthyrinm shows a tripartite division, the center of 
which is the area of the path of advance of the diductor muscle impres- 
sions, and those on each side appear to be the posterior portion of the 
main vascular sinuses. The antei ior edge of the cavity is marked by a 
sharp, elevated, forward arching ridge that extends to the teeth on either 
side; the dental plates appear to have extended to the bottom of the 
valve, and to have bounded the sides of the triangular umbonal cavity 
opposite the delth 3 uiuni. 

The interiors of the dorsal valves are beautifullv preserved. The 
cardinal process, crura, crural plates, area, anterior and posterior 
adductor muscle scars and vascular sinuses are very distinct; the dental 
sockets are shallow, but clearly shown. In one specimen there appear 
to be two lateral supporting septa to the thickening before the crural 
plates that bound the spaces occupied by the point of attachment of 
the diductor muscles. Doctor Linnarsson describes the cardinal proc- 
ess as triangular. 1 tind it both straight, subtriangular, and triangular. 
A short median septum is shown in some shells, but usually the strong, 
slightly rounded, flattened, median ridge does not carrv it. 

Ohsermtions . — This is one of the most variable species of the genus 
both in external, and, as far as known, internal characters. It is veiy 
abundant but interiors of the ventral valye are rarel}^ met with in good 
(‘oiidition. 
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Do(*tor Linimrsson conipiu-e.s O. e,rporrecta with Orthls hich^l which 
appeared to he th(‘ ino.st nearly ndated, pointino- out that it ditt’ered 
in ha\ ini;* tewiM* and coarser ribs, less pointed licaik and lower area. 

Fnrmafinh <nid l<u‘nltUj . — Middle Cambrian. Zone of l\(r(uhhrides 
fondhfun iH( ri. Linnai'sson's localiti(‘s arc* Kinnehulle, Lovened and 
Cudheni in Westi'oocithia; also at several places in Nesike; at Sodra 
]\Ibckleby in Oland; and in loose stones at Lillviken in Jemtland. In 
strata with A(DUfsf)hs \\{ Carlsfors in West rogothia, Sweden. 

The sjK'ciinens 1 have illustrated were collected by M. Schmaleiisee 
in Westroo’othia. 

BILLINGSELLA EXPORRECTA, var. RUGOSICOSTATA, new variety. 

Orfhis Jiicksi Linnarsson, Biliaiig till K. Svonska Vet. Acad. Plaiidliiigar, III, 
1876, No 12; Brach. Paradoxides Bed^ of Sweden, p. 18, pi. iii, figs. 22, 23. 

Doctor Dinnarsson recognized that this shell was not the same as his 
Orfhis r.rporoefa and placed it provisioirally under Ortius ///c/.s/, call- 
ing attention to the fact that it was iiearly related to O. e:rporrecta. 
With a tine serii's of specimens for comparison I place the shell as a 
variety of B. exporrwfa. It is characterized by its strong irregular 
costa^. Doctor Linnarsson indicated as the most important differences; 
‘■‘ventral valve less eonv(‘x: cast of didiictor muscle scars less distinct; 
dorsal valve mor(‘ convex and muscle scars more strongly marked; 
radiating ribs in the casts fewer, stronger, and more angular.” All 
of the differences exist when we compare the extreme forms, but with 
a good series of specimens most of them pass gradually into forms that 
are typical of B. r.vporrf cta. 

FovhKdton and locality . — Middle Ctuiibrian. Zone of Parldo,rides 
forchhammcrl. Doctor Linnarsson found this shell at Kinnekulle and 
Lovened in Westi‘ogotliia and at Sodra ^Irickleby in the island of 
Oland, Sweden, Th(> specimens I have illustrated were collected by 
]\I. Schmalensee in Westrogothia. 

BILLINGSELLA HARLANENSIS, new species. 

The general form and convexity of this shell is similar to that of B. 
plicateHa. It differs in having a nearly smooth surface marked only 
by tine concentric striae and a few traces of sharp radiating costae. 
The interior of the ventral valve has veiy strong main vascular sin- 
uses and a deep, sharply defined, tripartite umboral area ojpposite the 
delthyrium; the tripartite area is much like that in B. coloradoensis 
and B. eof^i^orrecta. The main vascular sinuses pass directly back across 
the ridge in front of the tripartite area and occupy the two lateral 
divisions of the area. The interioi* of a dorsal valve, shows an abnor- 
mal an'ang('ment o! the vascular markings and muscle scars. 

FornH(t!on and loctdify. JMiddh^ Cambrian. Limestone layers in 
Kogersville shale, 4 miles northeast of Rogcrsville and 11 miles north- 
west of Knoxville, Tennessee. 
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BILUNGSELLA HICKSI (Saitcrr^ (David son. ^ 

OrfhtH hicksi (8alter M8. ) Davidson, Geol. Mag., V, 1868, \k o 14, pi. xvi, figs. 
17-19. 

Orlhifi Jiirkisi Davidson, Brit. Foss. Bnich., Ill, 1871, p. 230, ]>!. xxxin, 6gs. 
13-16. 

(h'fJiix hirkiii Kayseu, Oambrisclie Bracli. v. Liau Tnng, China, KiditlioFai, IV, 
1893, p. 35. 

Original descri]>tion. — 8I10II small, transversely oval; liiiige-line shortiT than the 
greatest breadth of the shell; cardinal angles rounded. Dorsal valve seniieireular, 
moderaUdy convex, slightly longitudinally depressed along the middle. Ventral 
valve convex, deeper than the opposite one. Area triangular, moderately wide; sur- 
face of valves ornamented by about ten principal, narrow, radiating ribs, with wide 
interspaces between each pair, in the middle of which is situated a shorter rib. 

Length about 4, width 5 lines. 

Ob?. — OrtJus hrck?l is a scarce fossil, and very rarely found, even in a passably com- 
plete condition. It was discovere<l ))y Mr. Hicks in the middle (sandstone) beds of 
the Menevian grou}) .at Ninewells ami Porth-y-rhaw, near St. Davids, and is the oldest 
species of the genus on record. It has not been hitherto found in North Wales, nor, 
to my knowledge, in any other locality. 

This shell is most nearly related to B. e.rjiorrecta. It differs in its 
more rounded form, fewer radiating- ribs and muscle area of ventral 
valve, 

For)uat!on and locality. — Middle Cambrian. Menevian sandstone, 
as stated above. 

BILLINGSELLA HIGHLANDENSIS Walcott. 

OHhi? t highlandeim? Walcott, Bull. U. 8. Geol. 8ur. No. 30, 1886, p. 119, pi. 
viii, figs. 3, 3a, 3b. 

Orthis highlandemis Walcott, Tenth Ann. Kept. U. S. Geol. Sur., 1891, p. 612, 
pi. Lxxii, figs. 5, 5a, 5b. 

Shell transversely oval or subrotund. Front broadly rounded and 
nearly straight in the dorsal valve. On the ventral valve the cardinal 
line slopes toward the beak at an angle of about 20^, while in the dor- 
sal valve it is less than 10°. The greatest width is about the middle of 
the shell. The ventral valve is moderately convex, being most ele- 
vated toward the beak, which is slightly arched over to the cardinal 
margin. 

A dorsal valve associated in the same hand specimen of limestone is 
more convex than the ventral valve. The cardinal line is shorter at 
the greatest width of the shell. The median fold is but slightly raised 
al)ove the general surface, although the front margin has a low, broad 
arch for the reception of the fold of the ventral valve. 

There is a slight tlatteuing in the central portion of the ventral valve 
that in some specimens forms a low, broad, mesial sinus toward the 
front margin. 

The surface is marked by concentric lines of growth; otherwise it 
appears to be smooth. Interior casts of the valves show tine, radiat- 
Proc. N. M. vol. XX viii — 04 16 
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ino- stria* toward tlu* front, in a nuinlier of partially exfoliated .shells 
the shell is shown to he thick and apparently solid, having l)een replaced 
by caleite. 

The avera^i»e sized ventral valve has a heio-hth of 18 inm. with a 
width of 18 linn. One doi’sal valvi* is IT nnn. in w^idth. 

Cardinal area of the ventral valve unknown exi^ept that its plane 
extends backward at an anode of about 10 or 15 to the plane of the 
margin of the shell. 

Casts of the interior of the \ entral valve show that the dental plates 
extend down to the bottom of tin* valve, supporting distinctly defined 
hinge teeth. The traces of a vascular system arc limited to the main 
vascular trunks, w hich exteinl forward well toward the front margin, 
veiy much as in IL ro/e/v^^/w/ev/.v. In one cast there is a strong fur- 
row extending from a median fni'row^ obliijuely outward to each main 
vascular sinus. The median fnrro>v extends backward to the apex of 
the cast that tilled the space ])cncath tin* umbo and the deltidium. 
This portion of the cast is also marked by tine vei tical venation. In 
another cast there is a very nari’ow median furrow \ These median 
furrows probably indicate the beginning of a septum that in later 
forms connect(*d the deltidium wdth the shell. Nothing is known of 
the interior of the dor.sal valve. 

Ohserratiow ^, — The original description of this species w^as based 
upon material from w hich the preceding de.scription is taken, also a 
specimen now referred to another species in which the area is nearly 
perpendiculai*. 

This species is strongly characterized by its nearly smooth surface, 
in having the dorsal valve more convex than the ventral, and the 
presence in the ventral valve of a sharp ridge beneath the umbo, 
indicating the beginning of the growth of a median septum. 

Formation and Joadity. — ^Middle Cambrian. In the limestone with 
Otenellus gilln rti. Oh/noides hrir, etc., at Pioche, and also on the west 
side of the Highland Kange, 11 miles north of Bennett's Springs, and 
at the south end of the Tiiupahute Kange, Groome District, Nevada. 

BILLINGSELLA LINDSTROMI Linnarsson. 

Orthis JhHl'ifromi Linnaksson, Biliang till K. Svenska Vet. Acad. Handliiigar, 
III, I87n, No. V2; Brack. Paradoxides Beds of Sweden, p. 10, pi. i, figs. 1-8; 
pi. II, figs. 9-12. 

The general description of B. coloradoensls applies to this species. 
The casts of the interior have the same general flatness of appearance 
and the exterior surfaces are not unlike. In detail the two differ 
materially. The radiating costa? of tindstroini are usually stronger; 
the umbo of the ventral valve is more prominent and the beak more 
incurved. The interior of the ventral valve show^s shorter main vas- 
cular sinuses and more limited ovarian areas. 



NO. 13M. 



BKA rUJOPODA-- W. I IJ VTT. 



239 



Doctor Liniijirsson gives a tine series of illustrations of the interior 
of the ventral valve, which shows that there is considerable variation 
in the position of the vascular markings. lie states that the small 
(‘arclinal process appeal’s to be biticl. 1 tind it single in a natui’al cast 
in the limestone from Alunbruk. There is also a narrow median sep- 
tum as in the dorsal valve of />. 

Doctor Linnarsson writes; 

1 do not know any species with which this can i)e confounded. At least the adult 
specimens are always easily recognized. In the youn^ ones the characters are less 
marked, especially in the dorsal valves. The interior and the internal cast of the 
ventral valve is in all stages of growth easily recognized. 

Formation and toealitif, — Middle Cambrian. Zone of Parad(nrides 
forchhammevL Kinneknlle tind Lovened in ^Vestrogothia, Island of 
Oland, at Sodra Mocklebv and Alanbiadv, Sweden. Doctor Linnars- 
son also found it in loose >stones at Lillviken Jemtland. The speci- 
mens I have illustrated were collected by M. Schmalensee at Alanbruk. 

BILLINGSELLA MAJOR, new species. 

In general form and convexity this shell is related to /A coloradocnHls. 
It differs from it in being larger and in having coarser radiating ribs. 
It is the Upjier Cambrian representative of the latter species. 

Formation and localltif. — Up])ei* Cambrian. Fine grained, butl' 
colored sandstone in excavation on Wells' farm, 2 miles west of Bar- 
aboo, Wisconsin, 

BILLINGSELLA OBSCURA. new species. 

This species is founded on a single dorsal valve that occurs in the 
form of a cast in sandstone. It is transverse, wndth IS mm., height 
13 mm.; moderately convex with a slightly defined mesial flattening 
that broadens out nearly to three-fifths the width of the shell at the 
front margin. The surface of the cast is marked by a few faintly 
defined, rather broad costa'. 

The shell is much like the large dorsal valves of B. coloradoenri^. 
It differs in its broader frontal margin and median flattening. 

Formation and local Ity . — Middle Cambrian. Thin bedded sand- 
stones just above the massive Tonto sandstone near the head of Nun- 
koweap Valley, Grand Can von of the Colorado, Arizona. 

BILLINGSELLA ORIENTALIS Whitfield. 

OrUiisina oriental^ Whitfield, Bull. Amer. Mns. Nat. Hist., I, 1884, p. 144, 

pi. XIV, tig. 6. 

Orthisina orientalise Walcott, Bull. T. S. Geol. Sur.. No. 30, 1886, p. 120, 
pi. VII, fig. 6; Tenth Ann. Kept. IT. S. Geol. Snr., 1891, p. 613, pi. lxxii, fig. 8. 

BllUngieella orientalis Hall and Clarke, Pal. New York, VIII, 1892. Pt. 1, p. 280. 

Original description. — Shell quadrangular in outline, somewhat higher than ^^ ide, 
with vertical and snbparallel lateral margins and broadly rounded base. Cardinal 
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liiH‘ rapidly slopin.ir from (ho apex to the extremities, Avhieh are sli^litly rounded, 
llinj^e line striiiv^lit, us lon^Mis llu' greatest width of (he shell, rardinal area hroad 
and hitrh, divide«l in (he middle hy a ( rian^ndar foramen, which is ahou( as high as 
wide. Surface (d* (he vciilral valve moderately convex, markcMl hy very tine radiat- 
ing stri;e an<l also hy s<-veral conciMitric lim's of growth. Filling of the rostral cavity 
and foramen large and i>rominent. Specimen, a cast in shale, of the ventral vah e 
ordy. 

Oh.S( The t\ pt* specimen as des(Til)e(l above is llattencd in 

tile shale, tind also appi'arsto l)e compressed laterally. Uncompressed 
specimens referred to this species from the siliceous limestones east of 
S wanton show the ventral vtilve to have betm I’ather strongly convex, 
and the dorsal valve modei*ately so. The tiuter surface as shown iti 
the east, indicates that it was somewhat like that of />. coloradop 7 v<Js, 
but that it differs in having- finer and more numerous thread-like 
eostie. A few traces of eoncentric stria* and lines of growth are pre- 
served. The material is very unsatisfactory, but it is sufficient to 
indicate that the genus occurs in association with OJeneUns thowpsoul 
in the upper beds of the Lower Cambrian section. 

.Fonaatlon and locaJity. — Lower Cambrian. Georgia terrane. 
Silico-argillaceous shales: Parker's ([uarry, town of Georgia: and in 
a gray siliceous limestone lentile, 2 miles east of Swanton, Vermont. 

BILLINGSELLA PLICATELLA, new species. 

Shell in-egularly sub(|uadrate in outline. In the ventral valve the 
cardinal line slopes toward the beak at an angle of from 5 to 10% 
while in the dorsal valve it is usually about to 3 , The greatest 
width of the shell is about the middle. There is some variation in the 
relative proportions of length and breadth. Usually, however, the 
ventral valve is fully as high as wide, while in the dorsal valve it is 
slightly transverse. The ventral valve is rather strongly convex, the 
dorsal valva" being less so. A low, broad, mesial sinus occurs on nearU 
all specimens of the dorsal valve, and sometimes a distinct sinus on the 
ventral valve. 

The surface is marked by costa? that gives it a plicated appearance 
in many specimens; also concentric lines of growth and verv fiiu*. 
slightly undulating stria*. On some shells the costa3 and surface 
markings have been almost entirely removed by abrasion, while in 
others thev are clear and distinct. There is (piite a wide range of 
variation in the strength and form of the surface markings. 

When the shell is exfoliated, tine, radiating lines occur toward the 
front margins. The average si:^e of the shell gives a width of about 
S mm., and in the ventral valve a nearly etpial height. One specimen 
has a width of 11 mm. 

(-ardinal area well defined. It is marked by transverse stria? of 
growth parallel to the base. The plane of the area extends backward 
over the cardinal line at an angle of lo to the plane of the margin of 
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th(‘ .sbell. Tlio (l(4tliy rimii is well (]<4inc(l Jind cox (‘red hy ii c*(jnx ex 
deUidinm, th(3 extent of xx lii(di, hoxx ex er, is unknoxvii. d'be ciirdiiml 
area of tbe dorsal x^alve is short. No details of the structure luiye 
been observed. 

Tbe cast of the interior of tlie ventral xalve indicates short bino-e 
teeth suppoi’ted by dental plates. The markinos left on the shell by 
the x^ascular system, as shoxvn in casts, are txx^o main vascular trunks 
XX hi(di extend nearly in a straight line from the side of the cast of the 
deltidial cavity obli<piely outxxard to the anterior fourth of the valve, 
xxdiere they bifurcate. The inner branch extends in toxvard the median 
line, while the lateral bi’anches extend outxv^ard, appearing to unite' 
xvith the periphei-al canal. The latter arches about the spa(‘e that was 
probably occupied by the ovarian areas, between itself and the main 
vascular trunks. The spaces foi* the attachment of the muscles between 
the main vascular trunks appear to have been large. No subdivision 
indicating the points of attachment of the diti'erent muscles have been 
detected. At the posterior portion of the central area there is u 
narroxv, elevated space that posteriorly passes into the deltidial cavity. 
The pedicle muscles wei‘e probably attached to the front part of this 
elex^ated space. Short, radiating stri;e near the margin indicate the 
])]-esence of minute vascular canals. 

In the interior of the dorsal valve the interior of the deltidial cavity 
supports a small, well-developed cardinal process or callosity. The 
crura are short and small, with i*ounded dental sockets beside them. 
Nothing is definitely shown of the vascular trunks or mesial impres- 
sions in the dorsal x^alve. 

Ohservations . — ^This very pretty little species occurs in large num- 
bers in the Gallatin limestone, Montana. In form it is not unlike the 
convex forms that have been referred to B, coloradoemis from Trem- 
pealeau, Wisconsin. It ditters from the latter in having strongly 
marked surface plications and a narrower deltidium. From B. stnata 
it differs in surface characters; also in having a more convex dorsal 
valve. 

Formation and localities , — Upper Cambrian. Gallatin limestone, 
east side of Dry Creek, above Pass Creek, Gallatin Valley: west side 
of Dry Creek not far from mouth of Pass Creek; north of East Gal- 
latin River near Hillsdale; on ridge between Churn and Cottonxvood 
canyons, west side of Pridger Range, Montana. 

All representatives of this species xvere collected by Dr. A. C. Peale. 
of the Hayden suiwey, except some obscure specimens 1 found at the 
base of the limestone abox e the Flathead shales b mih's iioilh of York, 
in the Pig Pelt Mountains, Montana. 
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BILLINGSELLA PUMPELLYI, new species. 

General outline .snhseniicircular, greatest wiflth at the hinge line or 
a little in advanee ot‘ it; considera])le variation exists in the relativt‘ 
j)ropoi’tions of length and width; a venti'al valve S nnn. long 1ms a 
width of h nun.; the dorsal valve is more transvm-se, length 5.5 nun., 
width 8 mm. The ventral valve is strongly convex with the iim])o 
arching over to the apex, which is a little above the plane of the mar- 
gins of the valve; a very slight median fold oc(*urs near the front mar- 
gin; dorsal valve slightly convex and with a shallow median sinus. 

The surface is marked by low, sharj) ribs with wide interspaces, on 
which tine radiating striie occui-. Concentric lines and stria* of growth 
m’oss the radiating stria* and ribs. 

The characters of the cardinal areas of the valves are almost 
uidviiown; that of the ventral valve appears to have been of moderate 
height and inclined l)ut a little from the plane of the valve; one inte- 
rior of the dorsal valve shows a low cardinal process. The cast of the 
interioi of the ventral valve shows the pi'esence of a tripai’tite elevated 
uinbonal space into which the strong main vascular sinuses extend, as 
in BHiingseUa coJoradoensls ; the sinuses extend forward nearly to the 
front margin of the valve. Of the interior of the dorsal valve only 
the presence of a sti*ong median ridge is known. 

Ohsert^atJons , — This species is one of the costate forms of the type 
of B, eoforadoensls and />. romlngeri. It ditfers from them in surface 
characters. It may be considered the trans-Pacific re]3resentative of 
B. coloradoemh. 

The specihc name is given in recognition of the work of Raphael 
Pnmpelly upon the geology of China. 

FonuatUm and locality. — Middle Cambrian. Chao Tien lime- 
stone. Three miles southwest of Yen Chuang, also Chao Mi Tien, 
Shantung, China. Collected by Eliot Blackwelder and Bailey Willis, 
of the Carnegie Institution Expedition, 1903. 

BILLINGSELLA RICHTHOFENI, new species. 

This speeies is represented by two specimens of the exterior of the 
venti*al valve. They vary from 4 to 5 nun. in length and width, the 
length and width being about the same. The outer surface is marked 
by tine, obscure, radiating ribs and very tine concentric* stria*. The 
general form is much like that of the ventral valve of Bill ingsella 
piunpellyi. It ditfers from the latter in having a shorter hinge line 
in pro})ortion to the width, the more uniform and stronger convexity 
of the surface, and the more elevated apex. 

Tin* speci<‘s is named after Dr. Ferdinand von Richthofen. 
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F<N‘m<rfio)i (Utd loculUif, Middle Cambrian. Cluinof llsia limestone. 
Two and oncduilf miles south of Yen Clmang, Shantung, China. 

Collection of Mr. Eliot Blaekwelder, Carnegie Institution Expedi- 
tion to China. 

BILLINGSELLA ROMINGERI Barr. 

OrtJits rominfjeri Barr, Ueber die Brachiopoden der Sil. Schi. Bdhmen, Jl, Abth. 
Haidingers Naturw. Abluindb, II, 1848, pp. 203, pi. xvii, fig. 8. 

Orthis romingeri Barr, Syst. Sil. Boheme., V, 1870, pi. LXii, figs. 1-4. 

Orthls romlngeri Pompeck.i, Die Fauna des Cambriuin von Tejfovie nnd Skrej in 
Bohnien, Jahrbuch der k. k. geolog. Reichsanstalt, 1895, XLV, 1896, Pts. 
2 and 3, ]»p. 513, pi. xv, figs, l-5a. 

Shell transverse, the general outline being irregularly subquadrate 
to subsemicireular. On the ventral valve the cardinal line slopes 
toward the beak at a low angle, while in the dorsal valve it is approxi- 
matel}^ sti'aight. In some shells the greatest width is at the hinge 
line, while in others it is about the middle of the valve. There is con- 
siderable variation in length and breadth. 

The ventral valve is rather sti-ongl}" convex and the dorsal valve 
moderately so. The doi*sal valve is slightly flattened from the umbo to 
the frontal margin, the flattening sometimes taking the form of a shal- 
low depression. A low, broad, mesial sinus occurs on the dorsal valve 
that is strongly marked in the young shells. The sui’faee is marked 
by rounded, bifurcating, radiating costa?, crossed by concentric lines of 
growth and undulating concentric stria?. The radiating cosUe vary in 
size and character in specimens from the same locality. In some speci- 
mens they are very regular, while in others there will be wider inter- 
spaces or a variation in the maiimu* of interpolation. The ridges of 
growth also vaiy in strength and elevation in diflerent shells. 

The largest shell in <]uite a large (piantit}" of material has a height 
in the ventral valve of 18 mm. and in the dorsal valve of 10 mm., with 
a width of 15 mm. Cardinal area of ventral valve rather high and 
slightly incurved; it is marked l)y transverse strijc of growth that 
cross it parallel to its base; the plane of the area extends l)ackward at 
an angle of about 1(1^ to the plane of the margin of the shell; the 
delthyrium is rather large; a deltidium is indicated in some of the 
casts, but none of the specimens show it clearlv. The cardinal area 
of the dorsal valve is about one-half the length of that of the ventral 
valve. It extends ])ackward at an angle of more than 45^ to the plane 
of the margin of the valve, and is divided midway b}^ a strong delthy- 
rium, which is covered, foi’ a part of its distance at least, ]>y a convex 
chilidium. 

The traces of the vascular system in the ventral valves are seen in 
the main vascular trunks which extend well foi ward toward the front 
margin, where the}" appear to bifurcate, the iniKu- branch extending 
towaxrd the median line, and the lateral branch<‘s api)arcntly connect- 
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with tho j)(M*i[)h(‘ral cunnl tliat nr(‘li<‘s hnrkwai’d nhniit th(‘ o\ariaii 
ai*(‘as it and main vascular ti iinks. No points of attaeli- 

iiKMit of th(' various muscles in the v(mtral valve have been o})served. 
4di(‘ ai-(ai in whitdi th(‘ diductoi' miisch's ar<' altaclual is well markcal in 
soua^ spe(‘ini(‘ns, and th<‘ cardinal process of the dorsal valve in others. 
14u‘i*(‘ ai‘e also shown in the dorsal valve the antmdor adductoi' impres- 
sions. In the intmdor of the dorsal valve the deltidial cavity s<‘pa rates 
ti small cardinal proct\ss or callosity, which is strai^^ht or su})trianoular. 
The ci’iira are relatively lono’ and very prominent, with distinctly 
d(4in(‘d dental sockets beside them. 

OhserrafLuts, This specie's was well illustrated by M. Barrand. 
In the mate'rial of the <*ollections oi the Museum of Comparative 
Zoology, Cauibridg’e. Massachusetts, there is a tine series illustratiuo- 
the interior of the ventral and dorsal valves, that tln'oiioh the kindness 
of l)i*. Alexander Ao-assiz 1 was ena)>led to studv. 

The speedes in its external and internal sha])e varies so decidedlv 
from all desmabed forms that it is not necavssary to point out diti’er- 
ences l>etween them. 

F(fnti(itl<m (uhJ locaUftj, Middle (^ambi'ian. Aro’illites and tine- 
grained sandstoiu' near Skrej, Bohemia. 

BILLINGSELLA SAFFORDI, new species. 

General outline of ventral valve subsemicii'cnlar and of dorsal valve 
transversely broad oval; greatest width of valves at about the (‘enter; 
hinge line straight and a little shortei* than the greatest width of the 
shell. A typical ventral valve has a length of 9 mm., width 9 mm. 
Dorsal valvtg length 10 mm., width 12 mm. Biconvex, the venti*al 
valve being moi'e elevated at the umbo than the dorsal. Surface as 
far as known smooth or marked by concentric striae and lines of 
growth. 

Ventral valve with umbo curving over and terminating in the small 
apex that incurv(\s a little over the area; area about one-half the ele- 
vation of the valve, a broad delthyrium is partially covered by a 
convex deltidium; casts of the interior indicate a low, tripai'tite 
pseudospondvlium, and one cast shows strong main vascular sinuses 
extending from the lateral divisions of the pseudospondylium nearly 
to the front margin. Dorsal valve with low area and small ])seudo- 
cruralium; th(' casts ai*e too impi'rfect to show any other details. 

- -This s})ecies occurs in the same region as />. harhtn- 
eyesvV and also has a smooth shell; it ditfers in being of equal lengtii 
and breadth and in having less strongly marked inteilor characters. 

Tlu' speci(‘s is named aftei* Prof. James M. Sattbrd, former State 
geologist of Tenness('(\ 

Format Htn and /wvj////. dMiddh' Ctimbidan. Rome sandstone, along 
First (h’ei'k (hip. 4 miles north-noi*t lu'ast of Knoxville, 'IVnnessee. 
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BILLINGSELLA SAEEMENSIS Walcott. 

Orfhls sitfpinensis Walcott, Amer. Jour. Sci., 3d t^er., XXXIV, 1887, p. 190, 
pi. 1 , 17, 17a; Tenth Ann. Ropt. V. 8. Geol. Snr., p. 012, j)l. i.xxii; 

0, 6a. 

Shell about the averaoe size of the Cambrian sp(‘ri(‘s of the genus. 
'rransv(M‘sely sub([ua(lrilateral; front broadly rounded and slightly 
sinuat(‘ midway: hinge line as long as the greatest width of the shell. 

Ventral valve convcvx, most elevated about one-fourth the distance 
from the beak to the anterior margin; beak small and incurved to the 
margin of th(‘ imHliuin-sized area; the surface of the area and tin' 
foramen have not been observed; mesial sinus broad and shallow, 
marked Iw a low median rib and laterally by two costic on each side, 
a third appearing just outside the sinus. 

The dorsal valve, associated in the same hand specimen of limestone, 
is slightly more convex; frontal margin with a rather deep sinuosity 
to receive the projection of the ventral valve; median fold broad and 
l)ut slightly elevated, marked by two or three low costa3; the beak 
appears in the broken specimen in the collection to be scarcely elevated 
above the surface of the shell, and to terminate at the cardinal margin; 
area unknown. 

The surface of both valves is marked by tine concentric lines of 
growth, and low. rounded costa?, varying in number from six to seven. 

In the broad costa? and the general aspect of the shell this species is 
unlike any known to me from the Cambrian, with the exception of 
/>. from which, however, it differs in strength and character 

of costa? and outline of valves. 

Formation and Unudltle^, — Lower Cambrian; limestone interbedded 
in the shalv slates I j miles south of Salem; 1 mile south of Shushan. 
and near Rock Hill school house (No. 8), Greenwich, Washington 
County; bedded limestone of Olenellus zone on north side of Beman 
Park, Troy, New York. It is also present in limestone bowlders of the 
Cambrian conglomerate at Metis, on the St. Lawrence, below Quebec. 
OhneUns^^. IhjoUtheUns mica/n^^ etc., occur in association with it. 
Cat. U. S. Nat. Mus., No. 17443. 

BILLINGSELLA STRIATA, new species. 

The form of the ventral valve of this species is much like that of 
IL idlcateUa. It differs in having a finely striated outer surface, and 
in the strong development of the main vascular sinuses and the broader 
(h'ltidial cavity. The only two specimens of the dorsal valve are 
iH'arly fiat. 

Formation and -^Middle Cambrian ^ The character of the 

mati’ix indicates that the specimen came from the Flathead formation. 
Forks of Pole Creek above Cherry Creek Valley. Madison County, 
Montana. 
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BILLINGSELLA WHITFIELDI Walcott. 

Kutorghui trfdtjic/di Wakcott, Mon^. V. S. 8iir., 18S4, p. 18, pi. ix, 

fi^s. 4, 4a. 

BUlnujxella irluljicldi Si’iirciiEUT, Bull. U. »S. Geol. Sur. No. 87, 18U7, p. 151). 

Shell conviw, hinoo line struio*ht and a little les.^^ than th(‘ o-reatest 
wicltli of the shell, sid(‘s ronndino- reoiilarly into the slightly eonvex 
frontal inari:‘in. 

Veiitnil valve (|uite eonv^ex, elevated aloni»’ tlie center to form a Hat 
depressed fold, and slo})iiio‘ (juite rapidly from this to the lateral and 
cardinal inaroins; median elevation with about tivt‘ rather faintlv 
detined, simple plications, that reach up to the hio-ber portion of the 
valve; beak small, a little depressed, and rising above the area; cardinal 
maroins straight and diverging* fi’om the beak at an oi)tuse angles 
character of area unknown. 

Doi’sal valve depressed eonvex, with a rather wide, shallow, median 
depression, and two short plications on each side of it toward the 
front, which are obsolete in some of the specimens; the area between 
the cardinal edges and the elevation of tlie sides of the mesial depres- 
sion is depressed and corres]jonds to the flattened lateral slope of the 
ventral valve. 

Surface marked by tine, very clearly defined concentric striie that 
are crowded togethei* into narrow l idges and are subparallel to the 
front and lateral margins of the shell. 

Jj. trjntjieidi belongs with the group of species including B. safe- 
'irte7is!H or shells with coarse plications tind very tine concentric striie. 
The latter species occurs with theOlenellus fauna in eastern New York, 
and B. udtlffiBdi in the Middle Cambrian of Central Nevada. 

Fi>vinidh>n (Uid loctdltij , — Lower Caml)rian. Prospe<*t Mountain 
group, bemaith the Secret Canyon shah% on the west side of Secret 
Canyon, Eureka District, Nevada. 

OTUSIA, new subgenus of BILLINGSELLA. 

This name is proposed to include Ortlus f<((7ulhefy! of N. II. Winchell, 
which is the only species known at present. The sul)generic aiid spe- 
cies characters are included in the description of tlie species. 

BILLINGSELLA (OTUSIA) SANDBERGI Winchell. 

OrtJtis mndhergl N. II. Winchell, Fourteenth Ann. Rep. Oeol. Nat. Hist. Snr. 
Minnesota, 1886, i>. 318, j>l. ii, tigs. 8, 9. 

Orthh f mndhrrgi Walcott, ’\Ion<i'. XXXII, U. S. Geol. Snr., 1899, p. 452, pi. 
LXi, ti^^s. 2, 2a-(l. 

Shell small, transverse, sulxiuadrate in outline, exclusive of the 
acute cardinal extremities. Valves slightly convex, with a straight 
hinge line longer than the greatest width of tlie shell; cardinal area 
narrow but w(dl (h'vtdoped on eacli valve and divided l)V a rather large 
open delthy riuiu. 
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The vontnd vnlve slightly lliitteiied jit tbr ( urdinul (\\troinities, risin|.i’ 
toward the ociit(‘r witli a convex trian^idar .swelling’, broadening fi-oni 
the narrow beak to the front; beak small, rounded, and extending 
slightly beyond the hinge line. Dor.sal valve flattened at the cardinal 
extremities, with well-marked rounded ridges rising between them, 
and a rather broad, well-detined median sinus; beak very small, slightly 
encroaching upon the hinge line. 

Surface marked by tine, regular, radiating striae between which 
one or more faint intermediate stria are sometimes visible; under 
favorable conditions very tine concentric stria can be seen, and there 
are also usually present more or le.ss distinctly marked lincKS of gi*owth. 

Veiw little is known of the interior of the ventral valve. Two frag- 
ments of the posterior portion show a broad delthvrium, strong teeth, 
and a broad umbonal cavity opposite the delthyrium. In the ventral 
valve the area is narrow and divided by a broad delthyrium, which 
has a strong cardinal process that extends forward nearly three times 
the length of the area. Anteriorlv, it rests on a l)road ridge that 
extends forward, gradually broadening out and disappearing at the 
anterior margin of the shell. 

In my former description" 1 stated that 'Hhe generic character of 
this species has not been fully ascertained, but the material from the 
Yellowstone National Park and specimens from the typical locality at 
Red Wing, Minnesota, lead me to think that this can not be referred 
to the genus BlUingxella, It appears to \)e an Orth!s of the Plector- 
tlus group of Hall and Clarke.'’ A more thorough study of this .spe- 
cies and the forms referred to RilUngseUa leads me to place it in a 
subgenus of BiUingfuUa on account of its surface character, the char- 
acter of the delthyrium in the two valves, and the strong cardinal 
process and median ridge in the dor.sal valve. 

A comparison of the specimens of this species from a typical localit}^ 
at Red Wing, jMinnesota, with tho.se from the Yellowstone National 
Park, shows the two shells to be speciflcally identical as far as the 
comparison of casts in sandstom' can be made with well-preserved 
shells on the surface of limestone. This is the only species of this type 
known to me in the Cambrian fauna. 

Formation and locality, — Upper Cambrian. St. Croix sandstone. 
Red Wing, Minnesota. lJp|)er Gallatin limestone, north side of Elk 
Pass, between Buffalo and Slough Creeks, Yellowstone National Park, 
Montana. 

NISUSIA, new genus. 

Form siibquadrate to transversel}’^ semioval. Shell substance ffbrous; 
sui’face with narrow, radiating ribs that support irregularly distributed 
spines on their crests. 

« IMoii". XXXII, V. 8. Ge(J. 8iir., p. 45S. 
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Ventral valve elevated and usually iiiurh more convex than the 
dorsah JU‘d in most species a mesial sinus apj)ears on it. Area high, 
vertical, or inclined backward; dcdthyrium large and partially closed 
with a convex deltidimn; teeth strong and supported by dental plates 
that extend outward, also inward forming on the inside a shallow spon- 
dylium. Dorsal valve moderately" convex with only a trace of a median 
elevation; usually the surface is convex, but it may be slightly concave 
from the umbo to the margins; ciaira well developed with the crural 
plates extended so as to form a shallow criiraliiim. No traces of a 
cardinal process have been observed in the dorsal valve. 

Tifpe ofgenns , — Orthis festinata Billings. Lower C'ambi-ian. Only- 
one other species is now known, X!sus!a (dherfa from the Middle 
Cambrian horizon. 

The species referred to JMsima and tlie subgeniis Jiunestlla are: 



Cambrian. 



Name. 



L. 



1. alberta, new species 

2. festinata Billings 

festinata var. transversa Walcott 

Janiesella, new subgenus of Risusia. 

1. {Jameaclla) aniii, new specie.s 

2. (J.) ar(/r/ibi, new .species 

3. (J.) new species 

4. ^J.) Pompeckj 

5. ( J . ) perpasta Pompeckj 

perpwita var. macra Pompeckj 

perpasta var. sahquaftrata Pompeckj 

6. (J.) utafiensis, new species 

7. (J.) species undetermined 



X 

X 



X 

X 

X 

X 

X 



I 



M. 1 

. 1 


r. 


X 




















NISUSIA ALBERTA Walcott. 

Orthmna alberta Walcott, Proc. S. Nat. Museum, XI, 1888, p. 442. 

BiUmysella alberta Sciicchert, Bull. U. S. Geoi. Sur. No. 87, 1897, p. 158. 

Orthisrna alberta Matthew, Trans. Koy. Soc. Canada (ser. 2), VII, 1902, Sec. 4, 
p. 109. 

Shell transversely^suboval, front broadly^ rounded; the straight hinge 
line is shorter than the full width of the valves. Surface of shell with 
numerous radiating ribs that increase by- interpolation; on a shell 
19 mm. in width there are four ribs near the front margin in a distance 
of 3 mm.; the ribs are rather narrow and sharp crested, the inter- 
spaces being wider than the ribs., A cast of the outer surface of a 
shell in silicious shales shows numerous strong spines irregularly dis- 
tributed on the ribs very much as in X, fet^tivata. 

Ventral valve elevated at the umbo and apex in some shells, convex 
and rounded ovei- toward the area in others; area varying in height 
in ditfei’ent shells, usually elevated and overhanging the hinge line, it 
is divided bv a strong delthyrium that is covered by a convex deltidium 
of varying length, arched at its front margin and divided by longi- 
tudinal lines into three parts. 
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Dorsal valve ^‘eiitl}^ eon vex; area low and a little inclined ov(‘r the 
liin^c line; delth^M-inm broad with a narrow chilidiuni. Casts of the 
interior show a broad, well defined pseudoeriiralinm, aiKl just in 
advance of it the adductor muscle scars. 

Oht<errafl<))is, This s})ecies recalls at once lY. ff sfl}Htfa by its ele- 
vated ventral valve and spinose surface; it dill'ers from it by its trans- 
versely suboval outline, lar«’e umbonal muscle cavity (pseudocruralium) 
in the dorsal valve, and sharp-crested ribs. X, {Jame^elht) jKrjxf.^fa 
has the ^^enernl form and surface characters of this spc'cies. A 
marked difference in appearance is caused by A" alherta oceurrino’ 
in a silicious shaly matrix and lY. {Jamesella) jmrjxtsfit as casts in a 
(]uartzitic sandstone and the strong’ surface spines of X, alherta ai’e 
sparingly represented on the latter. 

Fonaatlov ami locality. — Middle Cambrian. Mount Ste])hen shale, 
2,000 feet above Olencllus zone, Mount Stephen section. British 
Columbia. 

The original specimens were from the collection of Dr. Karl Romin- 
ger. I now have material belonging to the Geological Survey of Can- 
ada, United States National ^Museum, and Mr. B}U’on E. Walker, of 
Toronto, Canada. 

NISUSIA FESTINATA Billings. 

Orthishia /rstiiiatu Billings, Geol. Sur. Canada, Pal. Foss., I, 1861, p. 10, 6gs. 
11, 12; Geol. Vermont, II, 1862, p. 949, figs. 350-852; American Joiir. Sci., 
2d ser., XXXIII, 1868, p. 105; Geol. Canada, p. 284, fig. 289. 

Ortlimna festhiata Walcott, Bull. U. S. (4eol. Snr. No. 80, 1886, p. 120, pi. vii, 
figs. 7, 7a, 71); Tenth Ann. Kept. U. S. Geol. Snr. 1891, p. 618, pi. lxxii, 
figs. 7, 7a, 7b. 

Billhigsella festinata Hall and Clarke, Pal. N. Y., VIII, 1892, Pt. 1, p. 230. 

General form subquadratc to transversely semiovab with the cardi- 
nal extremities subacute to obtusely angular. Hinge line straight, 
usually eijual to or greater in length than the width of the body of the 
shell. Shell substance fibrous. 

Surface with narrow, rounded, radiating ribs, that increase by both 
})ifurcation and interpolation; the ribs arc roughened by concentric 
lines and ridges of growth that arch about the base of strong, acute 
spines; the spines arc located on the ribs, usually just back of a ridge 
of growth; they are in more or less irregular, concentric rows 
toward the front of the shell, but on the central portions they may lie 
scattered without any S3^stcm of arrangement; each spine is larger at 
the base, tapering rapidly, and curving gradually backward at about 
one-half its length. 

The ventral valve is more or less elevated at the umlio and apex; in 
some examples it is subpyramidah where the height is to the length as 
3 to d, and width 9 mm.; in other shells the proportion is 4 to 11, and 
width IT mm.; the slopes from the apex to th(^ margins are nearly 
straight or slightly convex; the form of the umbo and apex varies from 



250 



VOL. XX VIII. 



rn<)CKPn)iN(is of the satioxal mvsfaal 

a broad rounded umbo, tiuMui Mating- in a minute beak curving' over th(^ 
area, to an ereet, verti<‘ab inoiH* or less rounded apex, Avitb a broad 
i)ase risino- aliruptly from the el(‘vated umbo; a sliallow, rounded, 
median sinus oexmrs on most individuals, but it is soiiietiim's absent. 
Area hit'll, and crossed l)y transverse lines of growth: it is usually 
inclined over the hin,ii'e line, but it may lie vertical or inclined for- 
ward; it is divided by a strong* deltliyrium. which is covei'ed by a con- 
vex (leltidimii that th(‘ author of the species, Doctor Billings, describes 
as perforate at the apex.'^ 

I have not ])een able to verify this in a large collection of material from 
various localities; casts of the interior of tlie extended beak indicate 
but do not prove that there was a perforation; the front edge of the 
deltidium is ai*ched so as to leave a space of variable height lietween it 
and the plane of the hinge line; in three examples the area is divided 
into three parts by longitudinal lines, two of the lines bound the del- 
thyrium, and one on each side coi‘res})onds in position to the " flexure " 
lines in and Ilijtpariontf.f. A cast of the intei’ior of alow ven- 

tral valve shows a bi’oad delthyrium, strong teeth, and siii)porting den- 
tal plates, which are produced on the inside, so as to form a short, 
elevated base (pseudospondylium), piobably for the adductor muscles, 
and on the outside the plates an* continued partially al)out the space 
occupied l)v the points of attachment of the diductor muscles. 

The dorsal valve is moderately convex at the umbo, sloping gently 
from there to the margins; usualh' the slope is (‘onvex, but in one 
example it is slightly concave; area narrow and vertical or slightly 
inclined over the hinge line; casts of the interioi* show the crura, 
points of attachment of posterior adductor scars, and area of attach- 
ment of diductor scars. Vascular and ovarian markings unknown. 

Ohi<t rr(itio}h'<,—T\\\s shell has a wide geographic distribution. I have 
collected it at the type locality in the township of Georgia, Vermont; 
at Bic on the lower St. Lawrence Eiver. and near the city of York at 
Einigsville, in central Pennsylvania. The matrix at Bic is a finely 
granular, slightly arenaceous limestone, in which the outer form of 
the shell is well preserved, but the spines are rarely seen; at Swanton 
and Georgia, Vermont, the shell occurs in siliceous limestone and are- 
naceous shale, and a cast of the outer surface shows the spines; the 
material fi'om the finely arenaceous limestone at the Einigsville locali- 
ties, discovered by ]\lr. E. Wanner, of York, is the best preserved, 
and affords exeellent casts of the interior and exterior of the valves. 
In all of the localities the variation in the form and elevation of the 

Tlirougii the courtesy of Dr. J. F. Whiteaves, of the (ieological Survey of Canada, 
I had the opportunity of examining tlie types of OHhmna festhmta. None of them 
preservt' the apex of the deltidium, so it is impossible to determin<‘ upon what ^Ir. 
Billings lmsi‘«l his statement that the deltidium is perforate. 
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ventral valve occurs, specimens of the ventral valve from Bic show a 
shel ter deltidium than is usually pri'sent. 

A number of exfoliated shells occui* in tlie collection from the dark 
^^ra}^ compact limestone of eastern New York that are somewhat 
doubtfully referred to this species. 

Xist(s?<f festhiidif is a strongly marked species that appears to have 
but one near re[)i*esentative in A". {Jana seUa) j)erpasta. The latter 
ditfers in the absence of spines and form of the ventral valve. 

Formation and Lower Cambrian. Up})er portion of 

Olenellus zone, (Tcoroia formation. In limestone "Aentile ’’ about 2 
miles east of Swanton; in silico-argillaccous shales, with OieneU as 
tlannpsoni^ Parker's (juarry, town of Georgia; and in arenaceous 
magnesian limestone about 2 miles east of Ilighgate Springs, Franklin 
County, Veianont. Also in dark gray limestone interbedded in silic 
eous shales 2 miles south of Middle Granville. Washington County, 
New York. 

In limestone l)owlder of the conglomerate on the east side of the 
entrance to Bic IIar})or. Province of Quebec. Fragments of Oh neUas 
and Microdiscas occairred in association with X, festinafa. in the lime- 
stone bowldei’s. 

Kmigsville limestone, on left bank of Codoi’us Creek, below Me^^ers 
Mill, near Emigsville, 4 miles from York, Pennsylvania. 



NISUSIA FESTINATA TRANSVERSA Walcott. 

Orthisina f tonisrersa Walcott, Bull. T. S. Geol. 8ur. No. 1886, p. 121, pi. vii, 
figs. 5, oa. 

Original description.SheW small, transversely subpiadrangular in outline, front 
broadly rounded, angle formed by the union of the cardinal slopes of the ventral 
valve 155° to 165°, hinge line straight and a.« long as the wi<lth of the shell. Area of 
the ventral valve of moderate height, bent back from the hinge line, divided by a 
triangular foramen that is higher than wide, and covered by a convex deltidium; the 
area of the dorsal valve is bent back at more than a right angle to the hinge line; 
foramen higher than wide, covered by a deltidium. 

Surface marked by numerous radiating, fine, even costa^ eight in a distance of 
3 mm., on the frontal margin of the ventral valve; a few concentric lines of growth 
cross the radiating costae, but not so as to give them a nodose character. 

Interior characters unknown. The fine radiating strise and transverse form dis- 
tinguish this from other described species known to me. 

Since 1886 1 have obtained a much larger scries of specimens, and 
do not think that this form should be considered more* than a variety 
of A"; festinafa. 

Formation and locality . — Lower Cambrian, Georgia formation. 
Silico-argillaceous shales of Parker's quarry, town of Georgia, PY’ank 
lin County, Vermont. 
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JAMESELLA, new subgenus of NISUSIA. 

There lire several speeiesof Lower Canil)rian braehiopocls that diU'er 
from fesfiwda in the al)s('nee of th<^ strono- spines on the radi- 

atinu' ribs. This eharaeter is so inark(Ml that I separat<‘ tlu^ speeies 
without it as a suboenerie ^roii]). Tlie suboeneric name is in memory 
of J^r. ffosepli F. r James. 

Type of siibo'emis, Orf/tis per pasta Pom])eeki. 

NISUSIA (JAMESELLA) AMII, new species. 

Ventral valve convex, elevated at the umbo, with the beak sliojitly 
incurved: area high, vertical, slightly incurved: delthyrium triangadar, 
higher than its greatest width and covered by a convex d<dtidium, 
which is imperforate. Surface of shell marked by numerous tine, 
rounded, equidistant ribs that increase by interpolation; about 8 ribs 
in a distance of 2 mm. at frontal margin. Size: Length, 8 mm.; 
width, 10 mm.; elevation at umbo, 4 mm. 

The front margin of the deltidinm broken so that it is impossible to 
state whether it was arched as is the deltidinm of X!sash( festinata. 
There is no trace of a foramial aperture in the deltidinm. The tine, 
regular ribs and high area serve to distinguisli this from other species 
of the genus. Dorsal valve unknown. 

The specific name is that of Dr. 11. M. Ami, of the Canadian 
Geological Survey. 

Formation and locaUtij, — l^ower C/ambrian. 1 found this shell in a 
limestone bowlder of the Sillerv conglomerate in association with frag- 
ments of Olenellus, 4 miles below Quebec, on south shore of St. Law- 
rence River. Canada. 

NISUSIA (JAMESELLA) ARGENTA, new species. 

Only the ventral valve is known of this species. Its outline is sub- 
rectangular with hinge line a little shorter than the greatest width. 
Strongly convex with a keel-like median elevation extending from the 
incurved beak over the elevated umbo to the front margin, with gradu- 
all}^ increasing width. Surface marked by tine, concentric strije of 
growth and about tive sharp, elevated radiating ribs on each side of 
the two ribs on the median ridge. Area low, with the minute beak 
curving down to and possibly slightiv over it. 

This shell is represented by two specimens that have such strong 
characters that 1 unhesitatingly give them a s])ecitic name. The only 
form known to me that resembles them is X. (d.) t^’ot/tani of Bohemia. 

Formation and tonal ity. I jOwqv Cambrian. In shaly limestone 
containing fragments of Oh niltim, Three miles southeast of Barrel 
Spring, one-half mile east of road. Silver Peak District, Nevada. 
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NISUSIA (JAMESELLA) ERECTA, new species. 

General form transversely semioval; liino'c line little shorter than 
the greatest width; valves siibeqiially convex. Surface marked by 
strong', broad, sharply rounded ril)s, three' at the frontal marg'ih in a 
distance of 2 mm. ; the ribs appear to be simple and unbifiu'cated from 
the uinl)o to the margin, but owing’ to the small size of the shell this 
statement may be modified by discovery of othei' specimens. 

Ventral valve convex; elevated at the umbo, apex worn by attrition, 
but marginal. Area high, very slightly inclined backward; delthy- 
rium large, triangular, length and width equal: deltidium convex, 
imperforate, and nearly covering the delthyriuni. Dorsal valve regu- 
larly convex, most elevated at the umbo and curving over to the rather 
low area. 

This species is distinguished by its strong, regular ri))s and the 
regular convexity of the dorsal valve. 

Formation ami hryillty . — Middle Cambrian. Limestone at the 
south end of Timpapute Kange, Groome District, Nevada. 

NISUSIA (JAMESELLA) KUTHANI Pompeckj. 

Orihia knthani Pompeckj, .Tahrbuch k. k. (teol. Reichsanstalt, XLV, 1896. p. 514, 
pi. XV, tigs. 8-13. 

{Ortlm Tomingeri Kre.jci, Novak, K. Feistmaiitel, Knsta, Katzer, Wentzel, Jahn. ) 

Original description. — Outline snbrectangular, hinge edge straight with angles pro- 
tracted bnt a short distance; length to breadth as 3 : 4, often less. 

Ventral valve highly arched. Apex <lrawn forward, bnt not curved toward the 
dorsal valve at all, or in rare cases but slightly. Area high, steep, with sharp areal 
edges and high, triangular foramen. Owing to the state of preservation, the details 
of the inside of the valves can not be well observed. 

Dorsal valve flatter, with rather decided arching on side edge and frontal edge, with 
sinus always distinct, which corresponds to a faint swelling at the frontal edge of the 
ventral valve. The area is very low with a small triangular foramen. Crural proc- 
esses narrow, considerably divergent. 

The surface is ornamente<l with narrow sharp ribs, increasing by interpolation. 
The ribs are <livided by interspaces which are considerably liroader than the ribs. 
In the interspaces there is frequently seen a lower, thread-like rib. The numljer of 
ribs is 30 to 36. The ribs are mostly very distinct on the internal casts also. Some- 
times internal casts are found which show remarkably few ribs, and which in this 
respect and also by tlnar greater breadth approach Orth is perpasf({ mr. macra. 

The present species has thus far been called, after Kusta’s example, Orthis romin- 
geri, bnt it differs from that species {a) in the ventral valve, its apex never being so 
strongly curved as in Orthis rotningeri, and in most cases not curve<l at all; (5) in 
the dorsal valve, whi(‘h in the present species is more strongly arched with a more 
decided sinus; (c) in the sculi>ture, inasmmdi as the ribs are narrower, sharper, 
fewer in number, and separated by wider interspaces than in Orthis romingeri Barr. 

This species, eminent fv characteristic of the lower conglomerate zone of the 
Kamenna hnrka near Tejro vie*, was found in thousands of sp(‘cimens (impressions 
and internal casts) at tlu‘ locality mentione<l, in cf>nglomerate-like, quartzitic sand- 
stone and in the greywacke intercalations. I saw tlu‘ species in similar rock from 
Gross Lohovic southwest of Skrej. (Collection of the Bohemian University at 
Pl ague. ) 

Proc. N. V. vol. xxviii — 04 17 
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PlKX^EEDIXaS OF THE XATJOXAL }frsKFM. 

Ojfsrrntfifms.- In the iiuitorial of this specios Doctor Pompcckj 
sent me, there is one cast of a ventral valve that shows that a convex 
deltidium covei'ed about two-thirds of the delthyriuin; its fiont mar- 
gii] was arched so as to leave considerahlc space open between it and 
the place of the hinoe line. 

There is a de(*ided mesial sinus in most specimens of the dorsal valve, 
hut in some it is llattened so as to scarcely break the uniform lowcon- 
vexit}^ of the valve: the stnm^th of the mesial elevation of the ventral 
valve also varies from a marked ridoe to a flattened median space. 

The species appears to he (piite distinct from any described Cam- 
brian form. 

Forinatioi} and JoridHlex , — Lower (^amhrian sandstone of lower con- 
glomerate zone. Localities in Bohemia as mentioned above. 

NISUSIA (JAMESELLA) PERPASTA Pompeckj. 

OrtJnx jicrpaMa Pompeckj, .Jalirlnich k. k. ^eol. Reicbsaiistalt, XLV, 1896, p. 

515, ]>1. XV, ti^s. 15-18. 

Origwal de.^rription. — Outline snhreetangular, with straiglit hinge line and slightly 
bent frontal margin; cardinal angles slightly drawn in; the length is little more than 
half the breadth, the greatest breadth being in the mid<lle of the valves. Both valves 
are very strongly arched. 

The ventral valve has a high, steep area, with a large, triangular foramen, and the 
areal edges are rather shar]4. The apex is not drawn forward beyond the hinge 
line. From the apex to the frontal e<lge there is a sinus which gradually increases 
to a considerable breadth. The dorsal valve, which is also strongly arched, has a 
very low and indistinct area, with a low, broadly triangular foramen. On the 
frontal margin a strong, broad swelling of the edge of the valve corresponds to the 
sinus of the ventral valve. 

Judging by some internal casts and impressions, the shell is ornamented with 
some 40 broa<l ribs, of which about half are inserted between the primary ribs at 
various distances from the apex. Concentric lines of growth cross the riljs. On the 
top of the shells, along some of those lines of growth (1 or 2) the sections of the 
shell are found to be imbricated; near the frontal edge such imbrication is present 
more frecjuently in very short intervals. 

Orthis pfrp(isi< i diUer^ from Orthis Kufhnni hy its greater breadth, by the almost 
uniform and much stronger arching of both valves, and also by the fact that in the 
former species the ventral valve bears a sinus, while in Orfhis Kuthani the sinus is on 
the dorsal valve. 

About 80 internal casts and impressions of dorsal and ventral valves were found in 
the conglomerate-like, (piartzitic sandstone, and more rarely in the greywacke sand- 
stone of the lower conglomerate zone on the “Kamenna hurka” near Tejfovic. 

Oh^erratio?}s . — Doctor Pompeckj very kindly sent me several 
ments of sandstone containing^ casts of the interior and exterior of the 
valves. The specimens illustrated by Doctor Pompeckj are smoother 
than most of those sent to me, but the description corresponds to the 
ribbed specimens, and a few nearly smooth interior casts occui’ in asso- 
ciation with the more strongly rih]>cd sliells. The convexity of the 
ventral valve is quite variable but is usually considerable. One of the 
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iniirked characters of the dorsal valve is the laroe transverse space — 
pseiiclocruraliuiii — beneath the umbo. In one example it is crossed ver 
tically b}" the main vascular sinuses. What may be a trace of a low, 
simple, rounded cardinal process is shown in one cast. The crura were 
strong, with small dental sockets beside them. 

(J.) perp(Bit(f resembles jV/su^^ia cdherta in form and convexity, 
but it does not have a spinose surfac'C. 

Format iov and l<fcalify,~-\jQ\\^v Cambrian. Quartzitic sandstone 
of the ‘‘Skrej- band."’ Kamenna hfirka near Tejfovic; also Skrej 
(Slapnicky) Bohemia. 

NISUSIA (JAMESELLA) PERPASTA MACRA Pompeckj. 

/ 

Ortlm perpnsta mticm Pomteckj, Jahrlmrli k. k. j^eolyKeichsanstalt, XLV, ISaO, 
]>. 5U), pi. XV, %. 14. 

Original drscrlption. — Some internal casts and impressions of dorsal valves agree in 
outline perfectly with the dorsal valves of Orthis perpasta, but differ from the type 
form by much less arching and ribs farther apart. 

(Occurs in the same localities as Orthls perpasta. 

Ohserv(ddonr , — The gradual increase in the width of the interspaces 
])etween the ribs, from a veiy narrow space to several times the width 
of the rib, makes this variety of doubtful value. 

NISUSIA (JAMESELLA) PERPASTA SUBQUADRATA Pompeckj. 

Orthls perpasta var. suhgaadrata Pompeck.i, Jahrbiich k. k. geol. Reichsanstalt, 
XLV, 1896, p. 516, pi. xv, figs. 19, 20. 

Original descripfiem. — As compared with the type form, this variety is distinguished 
by less breadth, the length being to the breadth as 3 to 4. The anterior angles of 
the straight hinge edge are drawn in somewhat more than in Orthis perjyasta f. typ. 
The ventral valve is higher, with higher and steep area, pierced by a large triangular 
foramen. The sinus, which extends from the high vertical apex to the frontal edge, 
is bordered b}" obtusely rounded edges. Dorsal valve proportionally more bulged 
than in the type form. Sculpture as in Orthis perpasta. f. typ. 

The outer form strikingly recalls Orthisinae; but the pseudodeltidium, the median 
septum, and the spondyliuin of the ventral valve are lacking. 

Orthis perpasta var. snhquadrata wafi to\ui(\ in several internal casts and impressions, 
together with Orthis perpaMa f. typ., more rarely in greywacke sandstone than in 
the conglomerate-like, quartzitic sandstone. 

Observations, — This variety apparently is not constant, as ventral 
valves occur in the material l)efore me that have the subquadrate form 
with relatively less convexity than the convex forms of the species 
perpasta. 



NISUSIA (JAMESELLA) UTAHENSIS, new species. 

Ventral valve transverse, strongly convex; most elevated at the 
umbo, whi(‘h is surmounted by the upward pointing apex at the edge 
of the area; area slightly inclined forward from the hinge line; delthy- 
rium large and covered by a convex deltidium. Surface marked by 
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sev(‘ral stroni*-, roimd(‘(l rihs y alterimtin^- with smaller rib.s; 

tine, radiating- stria* occur on the ril)s and interspace's. 

Only two s})(*ciniens of somewluit imperfect ventral valves ai*e known 
of this species. The descrii)tion is of the best preserved s))('<‘imen. 
The ‘ s(‘cond spe'cimmi has a ^reaiter num))ei’ of more* reoailar ribs that 
ine-renise by interi)e)lation of short ribs. One specimen has a width of 
S nnn. and a lemgth of 4.5 mm. from the apex to the front margin, 
whiedi is a])oiit the distance from hinge line to fiont margin. 

The nearest related speedes is xTAsv/.svV/ alherta. fi om which it (litters 
in surface ribs, feirward inclination of the area, and pi’ominent convex 
deltidium. 

Fi>rhn(tU>n and -Middle Cambrian. Limestone about 50 

feet above top of upper gi’eenish shales. Rock Canyon, back of Provo, 
rtah. 

NISUSIA ( JAMESELLA ), species undetermined 

This (lou))tfiil species is ))as(*d on an interior cast of a i)roken ventral 
valve. The width of the sh(‘ll is 15 mm., and length S mm., with apex 
broken oil'. A ))road, shallow sinus ai’ches the fi'ontal margin, and 
narrows toward the umbo. Radiating ribs nart‘ow, about 5 in a space 
of 2 mm. 

Format n>n Zm//////.— Lower Cambrian. Pinkish-colored lime- 
stone of Olenellus zone, coast of Labrador on Straits of Belle Isle. 

EOSTROPHOMENA, new subgenus of STROPHOMENA. 

The descl’iption of the type spe(‘ies gives all that is known of the 
subgenus. It differs from Strophomena in having the caixlinal process 
in the dorsal valve merged into Ji ridge formed by the extension of the 
crural plab's along the posterior margin, so as to cover the delthyrium 
and unite at the nuxlian line. 

Str<fj>homfna {FoMropItouuaaf) degantatif^ new species. 

Ohs<'rr<(t oars, — The cardinal ])roccss is moi’C like that of Orthotheto^ 
than that of Stroi>homeia( : it differs fi^om both in l)eing more simple 
in its construction. It is probal>le that there is a group of shells hav- 
ing the (‘haracters of S. { F,) rlvgaatala, but owing to the difficult}^ of 
obtaining interiors of tin* valves, it is impossible to designate them. 
Stropho)i)rna aanma Billings'^ is one of these; also Lrptrena deeijnew^d 

STROPHOMENA (EOSTROPHOMENA) ELEGANTULA, new species. 

(teneral form transversely subsemicii'ciilar oi* subelliptical, greatest 
width at the straight hinge line. Surface concavo-convex, and marked 
})V fiiH', radiating, even stria*, sej)arated into flat bands by stronger 
tmd mor(' prominent stria* or i*il)s; tine concenhT* stiTv, and more or 
less proiniiu'ut liiu's of growth cross the radiating stria*. The venti*al 
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v;il\ e is sliolilly com I'x, with low ninhotind siimlK iniMirvod ;i|)ex. 1dio 
dorsal vnlv(M*s ilattoiHsl in tli(‘ miilumal rooionand ronrav(‘ toward tht* 
margins; the iidnrioi’ sliows a narrow, roinuU^d nuMliaii fnri'ow, also 
rounded crural ])lat(‘s that unite with the cardinal process to foi’iii a 
continuous ridov roverino* the anterior portion of the delthyriuin; the 
d(‘utal sockets appear to have been relatively laro’e and dee]>: the 
adductor ninsele scars are a little to the front. 

A ventral valve t> nun. wide has a length of 4 nun., and a dorsal 
valve 5.5 miu. wide is 8 luui. in huigth. 

()hservatiofh '<. — The concavo-convex valves and the rido*c represent- 
ino- the cardinal process place this little shell with the Sti*ophoinenoid 
forms, l)ut as no described genus possesses the charactiu’s shown, a 
subgenns of Sfroj>hnmrnu is made to receive it. 

Formnthm and locality . — Upper Cambrian. Ceratopyge limestone 
associated with J^Urtorflds duiuuis, Oland, Horgholin, Sw'edeiu 



ORTH IS Dalman 
Subgenus PLECTORTHIS Hall and Clarke. 

Plertorthis Hall and (d.AHKE, Pal. X. Y., VIII, 1892, Pt. 1, p. 194. 

In their subdivision of the genus Orf/ds Dalman, Messrs. Hall and 
Clai'ke restricted the genus Orth is to the group of which Orthis cal- 
lartis Dalman is the type, and, among American forms, Ortlds trice- 
)i(iria of the Trenton and Hudson faunas. These forms sho^v the 
existence of a transverse apical plate in the delthyriuin of the pedicle 
valve. A second grou]) was placed under the name of PUctorthis 
and called the group of Orthis jdicateUa^ and of this the authors sav: 

This is a persistent form, which in American faunas, so far as known, is limited 
to the Trenton and Hudson River formations. While it retains the strong external 
ribs of the typical Orthis, these are not invaiiably sim])le {(). Jissirosta, Hall; 0. trip- 
liaUelUt, Meek; O. ivquimlvis, Hall, not David.<on; 0. Jamesi, Hall); the cardinal area 
of the pedical-valve is comparatively low and the valves are subeijually convex. In 
the interior the character of the muscular scars, dental lamelUe an<l cardinal process 
is essentially the same as in Group 1 (Orthis), and the minute structure of the shell 
appears to be in }>recise agreement with that of 0. cuWijnnmnn, though no evidence 
of tubulose costae has been observed. In Orithis Jamesi, which is [)laced in this 
association, there is occasiimally a deviation toward the resupinate contour exempli* 
tied in the Groups IV (Orthis sui>quadr<it(() and V (Orthis siniatta). 

In the Cambrian faunas 1 find a group of species intermediate 
between the typical forms of BiUimjsdla and of Orthis^ as limited by 
Hall and Clarke, tvhich appear to Ijeloug to the sidigeuus Plectorthir. 
This Camiudan group of shells may be defined as follows, the type of 
the subgenus being Orthis pJicati tlaWAW^ audits Cambrian represent- 
ative, OrtJds remnicha \Vinchell: 

Diagnosis. — Shells subquadrate to transversely elongate: with or 
without median fold and sinus; valves subequally convex. Hinge 
line straight, usually forming nearly the greatest diameter of the 
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shell. Csinliniil <‘xt nMniti(^s hrondly nnouhu*, rarcdy a< uminute. Siir 
face with radintiniL;* ribs arid stria* whi(*h may lx* (‘I’ossed l)y coiicentric 
^n'owtli lines and stria*. Tin* rihs inerc'ase as tin* sln*ll <^n>ws, hy 
interpohiti(m. 

The \ enti’JiI valve has tin* uinho more or less elevat(*d over tin* hin^e 
line, the apex acute and usually incurved. The area is ratfn*r hi'oad. 
Hat or in(‘urv(*d and transvei’sely striated. Teeth short and supported 
by dental plates that extfuni to tin* bottom of the valve, boiindino- a 
space (pseudospondylium) includino- the main vascular sinuses and 
area of attachment of the adductor muscle scars. l)elthyi*ium open or 
partially clos(*d by a convex deltidium. The adductor muscle scars 
are iin‘luded within a narrow median area beneath the umbo on each 
side of the median line, and the diductors in a more or less Habelliform 
area outside of the main vascular sinuses. Pedicle scars unknown. 

Dorsal valve with low umbo and slightly iin‘urved apex: area well 
d(‘veloped with a bi*oad delthyrium. Deltidial cavity with a sti-aight, 
simple cardinal pro(*ess. Dental sockets small with short crura. The 
addiu‘tor muscle scars are small, the anterior being nearer the median 
ridge, which usually extends forward from the base of the cai'dinal 
process. Shell structure impunctate, and fibrous as far as known. 

Ti/pe of t<((hgenfis, — Hall. 

Ohsorm,t?ons . — The C^imbrian species I'eferred to PlectortJu^ have 
relatively thin shells that retain on the interior surfaces l)ut slight 
traces of the mus(*le scars and vascular markings, except in the 
umbonal cavit}\ 

The geological range of this subgenus in the Cambrian I'ocks is fi'om 
the upper portion of the Middle Cambrian through the Upper Cam- 
brian. and into the Oidovician, where it terminates in the Hudson 
River foi’mation. 

Two of the species from strata referred to the Middle Cambrian are 
represented by material too imperfect for specific description; they 
occur with 1 *<irado,eahx in Bohemia, and it is not improbable that they 
will be found to belong to some other genus. I\ retroflexa Matthew 
occurs in strata referred tentatively lyy Matthew to his Division E2 of 
the Cape Breton Cambrian section. He first referred the strata to the 
Ordovician. Of the remaining six species referred to Middle Cam- 
brian strata l\ occurs in the upper portion of the Middle 

Cambrian and base of the Upp(*r C'ambrian, and ]\ rndlanola also 
occurs in both ^Middle and Upper Cambrian. 

From the above statements it will be seen that the first representa- 
tives of Pheforthis in the Cambrian appear in the Middle Cambrian, 
and that the gi’eater number of species, 14 out of 21, are Upper Cam- 
brian forms. 
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The species refer r(‘d to tho subgenus arc as follows: 



Crtiiibriaii. 



NilllK!. 




1 . f atava Matthew 

2. vhrMianix Kjenilf 

duunus, new species 

4. dramoplenra Meek 

desmoplt’ura nymplia, new variety 

5, diablo, new species 



Cl. doris, new species x 

7, hastingsensis, new iipeciefi x 

S. iddingsi, new species 

9, indianola, new species x 



11. kagseri, new species 

12. Imnarssoni, new species x 

13. newlonensis Weller 

14. pagoda, new species 

16. papias, new species x 

16. remnicha Winchell ! 

remnicha sulcata, new variety 



revinicfia winjiddensis, new variety 

17. reirofiexa Matthew x 

IH. salteiisis Kayser 

19. fidlbergi, new species 



wichilaensis laeviusculus, new variety x 

21. wimani, new species 

22. 2 species undetermined 



U. 



X 

X 

X 

X 

X 

X 



X 

X 

X 

X 



X 

X 



X 

X 

X 

X 



X 

X 

X 



X 



PLECTORTHIS? ATAVA Matthew. 

Stntphomena atava Matfiiew, Trans. Roy. Soo. Canada, X, 189.S, p. 102, pi. 

VII, fig. 8a-f. 

Rafinesquina f atava Schcchert, Bull, lb 8. Geol. 8nr. No. 87, 1897, j). 388. 

Description by Doctor Matthew . — Narrowly seiniiarcnlar. Valves slightly arched, 
rather wider than the hinge line, compressed at the cardinal angles; sides of the 
valves nearly straight behind, regularly rounded in front. 

Ventral valve moderately convex, highest and somewhat angnlated at the middle 
of its length; umbo inconspicuous and appressed to the very narrow area. 

Dorsal valve somewhat concave, especially toward the umbo, whhdi is depressed 
to the general level of the valve. 

The interior of the ventral valve has characters intermediate between those of 
Orthis and Strophomena. The ridges inclosing the cardinal muscles are shorter and 
closer at their extremities than in Strophomena, and the scar of the adductor muscle 
is broader and shorter, but extends half way to the front of the valve. There is a 
low sharp ridge at the umbo, between the branches of the posterior cardinal muscle, 
and the ventral cavity is faintl}^ outlined in front. Another cast of the ventral valve 
of a larger individual, perhaps of this species, shows the impressions of the muscles 
more distinctly; in this the impression of the adductor muscle is much nearer to the 
hinge, being about two-thirds from the front of the valve; there is a low callus in 
front of the imprint of the adductor muscle. 

A partly decorticated example of the dorsal valve exhibits a small bifid scar at the 
hinge line, due to the adductor muscle. There is no me<lian ridge, such as is found 
in Orthis, the median sinus being almost obsolete. In front of the impression of the 
adductor muscle is a small, low callus. 

Sculpture. — This consists of sharply raised, rounded, radiating ridges, slightly 
crenulated by obscure, transverse lines. These ribs are of varying size, every third 
or fifth rib being larger than the others; these large ribs extend outward from the 
umbo, and the smaller ones are intercalated between them, or spring from them. 
On the dorsal valve there are two main ribs in the sinus of the valve and three others 
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oxtcniliii^ to t!u‘ latonil nuir;unns; .-'mallor libs an* intcn‘alato<l lu'twoon On 

oarh j^ido of tlio ^i'oiij> of v\\i< on (Ik* iniddh* lliird of tlx* i^hcll an* four fainter, but 
inoi'c ^^t)’on^ly arclx'd ij:ron))s ol ridije.'^, wlddi tlii’ow olf niinoi’ rido(*s at tlx* l)a(*k, 
<lirort<*<] toward tlx* lateral inari^ins. On tlx* ventral valve the ^Jinall ribs are almost 
all inlerealated and do not sprin^^ from the l)aek of the i)rimarv ribs, as in those of 
the dorsal valve. 

Size: Length, 12 mm.; \vi<lth, 11 mm.; heiirht of area of dorsal valve, 2 inin., of 
ventral valve, 1 nnn. A valve snp})osed to Ik* of this sj>eeies is 15 mm. lon«: and W 
mm. wide. 

Ifin'tzon and londUif . — In dark shales of division da, at Xavy Islaml. 

0!fS( rratJoHs, — tli(‘ aviiiltil)lo (lata this speeies appeal's to be 
(|uit(‘ as ii(‘ar to PI ( ctindhlx as to any deseriluKl o-enus. It does not 
a])])(^tir to belong’ with tln^ t v[)ical tonus of iXt roj>lu)in( nu or Rafiius- 
(jtuHa, Tlie surface ribs, incivasinn- by intiu'polation. and po.ssibly 
l)ifni‘cation, tuid form of the })sciidospond\ liiim in the ventral valve, 
strono'ly suonest relationshi}) with PhHorfJfis, It will pro))ably 
reijuiiM' Ixdler ])r(‘serv(Hl nniteritd to satisfactorily determine the cor- 
r(‘ct generic refercmce for the sjiecies. 

io)! <uhJ local ittf. r})i)(M' Cambrian. Division da of ^Matthew 
section. St. John terrane, Navy Island. St. John Harbor, New Bruns- 
wick. 

PLECTORTHIS CHRISTIANIiE Kjerulf. 

Oii]>h rhndktmif K.ierclf, Veiviser ved. o-eol. Exk, i Christiania, 1865, pp. 1,.S, 
ti^s. 8a, b, e. 

Orthifi rhrisflani:r Bko(x;er, Die 8il. Eta.^en 2 imd d, 1882, p. 48, i>l. x, figs. 14a, 
1), e. 

OrtJiis christ'andn’ ( Ia<tEL, Physik. Oekon, (lesellsehaft-Konigsberg. Braeh. Oamb. 
nixl Sil. Dilnvimn Ust und AVestinvussen, 1890, p. d4, pi. 11 , rigs. 22a, 22b. 

OrtJiii^ chridian’av Pompeck.i, Xenes .laliiBueh, ^lin. Ueol. nnd Pal., 1, 1902, 
Tremadoe dei’ ^lont. Xoire, ]>. 7. 

This shell apptatrs to ditter from any di*scribed species by the pecul- 
iarity of the bifurcation of the radiating ribs. In all the species I 
have referred to Pfrcforthis the increase in the number of ribs is by 
interpolation and not by true Infurcation. In O. christianise the 
increa.se is by l)oth methods. The reference to PlecforfJds is some- 
what doubtful, as ther<^ is not sufficient data to base a reference on the 
characters of the interior, (‘ardinal areas, or convexity of the valves. 

1 have received a large number of specimens from Norway and 
Sweden labeled (hills chrlstlanln , After a study of all available 
mat(M*ial only tin* shells from the argillaceous shale of Russelokken, 
Norway, and Oland, Borgholm, Sweden, appear to belong to the 
sp(8‘i(xs. The shells in tin* Ceratopyge limestoin' {O, (laanas) have 
ril)s that incrtnise in mmiljer by interpolation of ribs in the interspaces 
l)etween the okhu* ribs, and a second species {P. iclatanl) that occurs 
in both the shale and limestone has simple ribs with few interpolated 
beyond the undjo. Anotln*!’ transverse form has simple strong ribs 
that increase^ in numbei* by ititerpolation of a few new ribs. 
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Doctoi’ illiistrution of this s])(‘cios suooosts O, (JatmtiH 

iiioro tlmn tlu^ tv})ical foi'iii of <K (‘/irisi as I mKl(‘i’staiul and 
interpivt it. "'^Ort/us Malinaii, has soiiiotimes been r(‘fei*ml 

to O. e/iristnmue. 

Dr. Curt (laoel describ(‘d the form usually found in the limestone, 
statino- that the surfaee is eovered with strono’ dichotomous ribs. He 
found it in drift blocks of the Cei-atopvge limestone near Ikdschwitz, 
also in olaiiconitic limestone near Pivussinclu Holland, and Weblau.'^ 

Dr. Ferdinand Koemer calls attention in his description of the drift 
in the North German plain to the fact that Remele was the tirst to 
identify with certainty blocks of the Geratopyc-e limestone of Sweden 
in the drift, the presence of a form like Ortlilx chrlxtlauJir being' paid 
of the evidence. This shell was probably PlcctortJt fs d<niu nx. Doctor 
Koemer states in his description of the Ceratopyge lim(\stom‘ that a 
small Orthis {i (hPi!x chrixtlauire) predominates. 

Fonnatlon and lomUtjf , — Upper Cambrian. Ceratopyge shale, 
Kiisselokken, C'hristiania, Norway. Borgholm. Olaud, Sweden. 

PLECTORTHIS DAUNUS, new species. 

This .species diders from O, chrixthmia^ b}^ having simple ribs that 
increase in number toward the fi'ont and lateral margins of the shell 
by interpolation of new ribs; no true bifurcation of the ribs was 
observed. A strong median sinus occurs on speciimms of the dorsal 
valve in both shale and limestone. The shell is fibrous and impunetate. 
No traces have been seen of the tine, rounded, radiating stria^ that 
occur on the broader ribs and interspaces of J\ christJania^, This 
species differs from 1\ wlmani by its more transverse form and less 
simple ribbing of the shell. 

Formation and lomUty . — Upper Cambrian. Ceratopyge limestone, 
Toren, Christiania; Slemenestad west of Christiania, Norway. Gland, 
Borgholm, Sweden. 

PLECTORTHIS DESMOPLEURA Meek. 

Orthis coloradoensis Meek (not Shmnard), Proc. Amer. Phil. Soc., II, 1870, 
p. 425. 

Orthis desmopleura ^Ieek, U. 8. Geol. 8nr. Wyoming, Hayden, 1872, p. 295. 

This shell has the general form and external characters of D. irtc/u'- 
taeuxix. It differs in being less convex and in the details of the radi- 
titing ribs. O, dex)aopleara differs from (K remnJcha in its uniformly 
smaller size, less convexity, and in the details of the radiating ribs. 
The ribs have a wide range of variation, but when from the same 
character of matrix they are all of the same type, and the shells grade 
from one to the other. 



« Brack. Camb. nnd Sil. Geschiebe in Diluvium Prov. Ostiind Westprcussen, p. 34. 
Lethea Erratica in Pal. AbbordL, II, Pt. 5, 18S5, p. 36. 
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Nothing' is known of tli(‘ inlc^rioi- of tlie valvos beyond nn impei’feet 
rnst of tlio ;ir(*M of n dorsal \alv(‘. O/i/u's /Hnnhunjlansi-^ Walrotf' is 
a elosely related spca ies and it may be identical. 

FonnafioH and lomlHy, Tpper Cambrian to Lower Ordovician. 
The Uppio* C'aml)rian locality is on Wolf Ci*(‘ek, 15 miles west-sonth- 
west of Sh(‘ridam Wyoming, on the east(‘rn slo[)c of the Bi^* Horn 
Mountains. 

The typ(‘ specimens are from near the base of the Oidovician rocks 
at (Hen Eyn‘, canyon of Camp Creek, near Colorado City. The species 
has also been found on west side of Front Creek, below Beyer Bark, 
Colorado. 



PLECTORTHIS DESMOPLEURA NYMPHA, new variety. 

This ^ ariety is based on stron^l}^ convex ventral valves in Avhich the 
surface is marked )>y tine, radiating* stride, separated into bands of '6 to 
G striie by stronger and more elevated stria*; concentric lines and often 
ridges of growth occur that on some shells give an imbricated appear- 
ance to the shell b(*yond the umlx). 

Formaidni and loiudity,— In passage beds ))etween the Upper Cam- 
)>riiin and Ordovician, on north side of Tepee Creek, Big Horn 
Mountains, Wyoming. 

PLECTORTHIS DIABLO, new species. 

This species is founded on a small, transverse shell that is marked 
by a few prominent radiating costae that extend from the umbo to the 
margin of the shell. In the cast the costa* have a shai*p summit and 
slope evenly to a narrow sjiace between them. 

A ventral valve h mm. in height has a width of 14 mm., which is 
about the average proportion of the specimens in the collection. The 
casts of the ventral valve show a rather low area divided l)y a delthy- 
rium, the inner angles of which have a rather strong tooth on each 
side. The dental plates extend backward farther than in most species 
of the genus, becoming attached to the bottom of the valve only near 
the teeth, and not extending forward as in P, rpnnucha to form a 
pseudospond}dinm. None of the specimens in the half dozen shells in 
the collection show the muscular or vascular markings. There may 
or may not l)e a mesial depression on either valve, 

Fornaddm <fnd locaUty , — Upper Cambrian. St. Croix sandstone of 
T rempealeau, Wisconsin. 

PLECTORTHIS DORIS, new species. 

Of this s})ecies a ventral and dorsal valve occur in the collection. 
The general form is rounded sulx[uadrangular. The ventral valve is 
strongly convex Avith the greatest height at the umbo, from which the 

\TII, r. S. (Jeol. Surv., 1884, j). 78, pi ii, tigs. 5, 5a. 
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Ixnik niches oviM ii Iiii»h, Inickward in(‘lhiing nren. The dorsnl valve is 
uiiieh like the ventral in t'onn, except that it is less com (v\ and less 
elevated at the aien. Surfaei' of both valves with nmiKMons radiating* 
ribs that have an angular summit and an angular d(‘pression between 
them. The ribs increase in immlier toward the fvont by interpola- 
tion. The ventral valve has a length of 7 mm.; width S mm. The 
dorsal valve is a little shorter than the ventral. 

This shell is not unlike Pirdonhh ! ndhinolit in form and surface 
characters. It ditiers in being more convex and in the abs(‘nce of a 
sinus or median fold on either valve. 

Formation and Middle Cambrian. Chang Ilsia limestone. 

Two and three-quarters miles southwest of Yen Chuang. Shantung, 
China. 

Collection of Mr. Eliot Blackwelder, Carnegie Institution Expedi- 
tion to China. 

PLECTORTHIS HASTINGSENSIS, new species. 

Shell transversely siibelliptical. Surface with numerous strong, 
I'OLinded, radiating ribs increasing in number by interpolation. The 
ril)s appear to be broadei'and with narrower interspaces on the ventral 
valve; concentric ridges and tine stride of growth ai*e a marked feature 
of the surface. A venti-al valve d mm. in length has a width of 0 mm.; 
a dorsal valve (> mm. long is 10 mm. in width. 

Ventral valve sti*ongly convex, most elevated on the umbo, and 
without mesial fold; apex incurved slightly over the delthyrium area 
well defined, and divided midway by a large delthyrium, it is inclined 
but little from the vertical. 

Dorsal valve slightly convex in young shelD. and becoming more so 
as they increase in size; area low and inclined backward ovei* the hinge 
line. 

Ohservatlons, — This species is unlike other described forms in the 
character of its ribs, with the exception of PJectorthis joJonmensls^ 
which it resembles very closely. Doctor iSlatthew describes the latter 
species as having a very thin shell, and it is found in the Upper Cam- 
brian at St. John. No interior features have been seen. Dr. G. F. 
Matthew mentions having found fragments of Protorthis or Orth is in 
the phosphate nodules at Hastings Cove, too imperfect for description.^^ 

Formation and locality. — Middle Cambrian. Upper Paradoxides 
zone. Hastings Cove, Kennebecasis River, at base of Paradoxides 
zone, Hanford Brook, in limestone and superjacent shale, St. John 
County, New Brunswick. 



« Trails. Roy. Sue. Canada, 2d ser., Ill, 1897, p. 180. 
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PLKCTORTIIIS IDDINGSI, new species. 

(uMuM'jil lonn :iM(l (*<mv(‘xi(y much like that oT sonu^ varieties of I*, 
nidhinoht. Its surfae(' (‘hara(‘lers also ai>])roaeh those of th(' more 
regularly rihlx^d sliells of the latter spi'cii's. The principal ditreren(‘e 
is ill tlie less eonv(‘xity, lower ninho, and lowm* area of I\ iddJiHjsJ. 
'rii(‘ interior of the ventral valve shows a short, w(dl-detined umhonal 
cavity, with a strono’ vascular sinus on each side of it that extends well 
forward into the valv(‘. 

Tlu‘ species is namial after Prof. Joseph P. Iddi ngs of the l^niver 
sity of Chicago, formerly of the V. S. (leological Sur> ey, who col 
l(‘ct(^d the specinum. 

Fonnatioh /ecv^//V//. — Upper Camlirian. ( tallatiii terrane, south 
side of ( hdlatin Valley, Yellowstone National Park. Wyoming. 

PLECTORTHIS INDIANOLA, new species. 

Shell small, transvers(\ with the cardinal extremities rounded, angu- 
lar, and in some specimens almost alate. Valves moderatid\ convex, 
the ventral nearly twii'C as much so as the dorsal; tln^ hinge line varies 
in length from slightly less than the greatest width of the shell to 
where, in the shells with extended cardinal (‘xtremities, it is one-tifth 
greater than the width of the shell across the centei*. 

The ventral valve may or may not have a mesial depre.ssion. In 
some examples the depression is hi'oad and rounded, and in others it 
is shallow w ith strongiu* ribs at each margin; umbo somewhat elevated, 
and cui’ving over toward the hinge line, beyond w hich it projects, ter- 
minating in a small, incurved beak; dorsal valve considerabl}^ less 
convex than the vent]*al; biaik small and projecting slightly over the 
hinge line. The median sinus in the dorsal valve varies fi’om a broad, 
shallow^ depression to a narrow', rather deep furrow^ that gives a 
bilol:)ed appearance to the valve. 

Th(‘ surface is quite variable in the strength and arrangement of the 
strong and minor radiating elevated ril)s and striiv. On some sheiks 
tluyv are very tine and of nearly eipial size, separated by grooves of 
about the same w idth as the ribs or striae In other examples every 
third or more widiJy se])arated rib is stronger and eh'vated above a 
mon^ or less broad interspace marked by tine ribs or costje. 

Almost nothing is known of the interior of the valves. A few’ 
sj)eciinens show a well-marked um)x>nal cavity beneath the umbo that 
is much like thtit of O. luunilidin. The area of the ventral valve is 
inclined l)ackwaird at an angle of about b5 to the plane of the margin 
of the valve. It is rather low' and broken midway by a strong delthy- 
riuin. The area of the dorsal valve is low’ and inclined well out over 
the hinge line. 

Ohsercaflons. — Ph etorthfs is almost as variable in its form 

and surfa(*e markings as I\ tnieJufarus/s^ with which it is associated at 
a number of localiti(‘s. It ditVei*s from the lattm* in the bilobed dor- 
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yjil valve, niori‘ .strongly incurved umho nnd apex of the ventral valve, 
and the general app(‘arance of convexitv and rotundity of the ventral 
valve. When the speciinen.s of the two species are imperfect, or the 
young shells of /*. irlchitaohsis occur in association with the shells of 
I\ Jhdhtnola it is ditticult to deteianine positively to which species they 
belong. 

Formation aud Joc(dft(j . — tapper C'anibidan. Top of Reagan forma- 
tion. west side of Uoney th'eek, near SPl corner sec. »>5, T. 1 S., 
R. i E., Ai'dmoi'e <piadrangle, northw(‘st (‘xlr(‘inity of Arbuckle 
^Mountains, al)Out -t iniles east of Homer. Indian Teri-itory. Ri'agan 
gr^auisaml, two-thiixls of a mile east of Canyon Creek, Le mih's north- 
west of Fort Sill, SE. i NH sec. 2, T. 4 A.. R. 18 W., Wichita 
Mountains, Oklahoma TeiTitory. 

Middle Camf>rian. Reagaii formation, SW. i sec. 17, T. 4 X., R. 
12 W.. Wichita XIountains. 11 mihcs northwest of Fort Sill. Okla- 
homa Teri’itory. Potosi limestone, neai’ Potosi, Missouri. Limestone 
on (^old Creek, north end of gorge, opposite north end of Sponge 
Mountain, Llano County. Texas. 



PLECTORTHIS JOHANNENSIS Matthew. 

OHlmnta (?) johanimms^ Matthew, 1891, Trans. Hoy. Soc. Can., IX, 1891, 

49, pi. XXII, 18a-o. 

Orujinal description. — !8hell snbqnadrate, doubly convex, rather flat, very thin. 

Dorsal valve depressed at the side.s and front, and having a broad, shallow median 
sinus. The valve is about one-<iuarter wider than long, and the hinge line is nearly 
as long as the length of the shell. Uinlx) slightly elevated, hinge plate weak and thin. 

Ventral valve <lepressed at the sides, and having a few median ridges running from 
the umbo to the front of the shell. This valve is somewhat genieulated at two-fifths 
of its length from the umbo, and from the bend faintly raised ridges diverge to the 
anterior angles of the shell; behind the geniculation the surface of the shell ismarked 
by faint undulations similar to those of Strophomena rJiornhoidalis. 

The umbo is not prominent, but the back of the valve is regularly curved and the 
area rather low. 

Scidptnrc . — Closely set stria^ radiating from the umbo and faint concentric, strife 
mark the shell. 

Size . — Length of the ventral valve, 9 mm.; widtli, 10 mm. Length of dorsal, 8 
mm.; width, 10 mm. 

Horizon and localit }/. — [Upper Cambrian C. D. W.] Limestone lentil les in the 
black shales of division .‘Ui, (fermaine street, Rt. John. 

This species has a low uml>o for an OrtJiisina, and in its form recalls the genus 
Strophontena., as also do the concentric undulations that are found on the back of the 
vential valve. The dorsal valve, however, is convex, and the area of this and the 
ventral valve too high for a Strophornenn. It does not a]:>pear to agree with any 
described species of Orthisina. It resembles O, orienUd.is AVhite, somewhat in form, 
but is not so long nor so wide at the hinge. From O. pepma Hall, it differs in its 
lower umbo and area, shorter hinge, and smoother surface. Jt ap}>roaches more 
closely to the form from the Potsdam sandstone of the West, figured by JTofessor 
Hall, but not named, except as a Strophomcna oi- SlropJnnlonta.^' 

^0*reliminary Notice of the Fauna of the J^)tsdam Sandstone. Sixteenth Kep. 
N. Y. State Cab. Nat. Hist., pi. vi, fig. 2L^ 
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Doc'toi Matt how voiw kindly sent mo tho typos of this species. 
Thori' is lit tl(‘ that can )n\ add(Ml to his very coinploto description. As 
far as known, tho clmracters of the shell ai*e thosi' of the group of 
species rider red to, 

PLECTORTHIS KAYSERI, new species. 

This is a larger sludl than Phvtortlu^'< 11 n)mn<,so)u\ wdth which it is 
associated. Its surface is marked by riimieroiis tine radiating stria\ 4 
to o in a distance of 1 niin.. and the inner layers of the sladl appeal* to 
be minutely punctate. The ventral valve is more convex than the 
dorsal, the lattm* }>eing nearly Hat in young shells. Nothing is know n 
of the interior except one cast of the pseudospondyliinn of the dorsal 
valvis w hioh is larger in })roportion than that of /\ Intnarx^nni. 

The largest ventral valve has a length of 14 inim; width, 20 min. 

This species })elongs in the group of Plectorthis represented by 
I\ de^iDopliOint and P. PnnnO'ssonL 

The species is named after I^r. Emanuel Kayser. 

Formation and localltff. -Upper Cambrian. Low^er part of Chao 
Mi Tien (^) limestone, 2.7 miles southwest of Yen Chuang, and 
Chao Mi Tien, Province of Shantung, China. Collected by Eliot 
Blackwidder and Bailey Willis of the Carnegie Institution Expedi- 
tion, ld03. 

PLECTORTHIS LINNARSSONI Kayser. 

Ort/iis iinvar.'<s()H( Kaysek, Canibrische Ib’ach., von Lian-Tnng, China, Rich- 
thofen, IV, 18S3, }). 84, pi. Ill, fig. 1. 

CfrUjhial dr.^cripfion . — Shell seinielli}>tie in outline, broader than long, with hinge 
edge straight, corresponding to the gre^atest bnadth of the shell. Large [ventral] 
valve moderately (‘onvex. Small [dorsal] valve slightly arched, with a sinus dev'el- 
oping already at the nmbo, and growing quite broad and deeji toward the edge. 
Uml)o of ventral valve small, ari^a very low. Surfa(*e (d shell covered with rather 
sharp ribs, very variable in strength, separate<l by narrow furrows. By reason of 
repeate<l splitting, beginning close to the umbo, the ribs appear rather as bundles of 
ri)>s. On the matrix these bundles appear as broad, obtuse-angled folds, which, 
owing to repeated marginal splitting in even a higher degree than on the shell 
itself, appear as bundles of ribs of very unlike strength. When the surface is well 
jireserved, a <lelicate concentric growth striation is perceptible. 

Doctor lva}"ser compares this shell with (Jrt/fl.s /flePsl Salter, and 
r.r/)onrt(( Linnarsson, on account of tlie surface characters. It does 
not appear to be very idosely related to either species, but it is in 
many respects allied to PJrvtorthls de><mopl€ura\\w^ P, lolchltaenrls, P» 
Unaarssonl differs from both in being more transverse. 

Fornadlon and Ayiv//////.- -Middle Cambrian. Lowti* part of Chao Mi 
Ti(*n (D limestomy 2.7 mih\s soutlnvest of Yen Chuang, Province of 
Shantung, China. Colh'ctml by Eliot I^lackwadder and Bailey Willis, 
of th(^ Carn(‘gie Institution Expedition. IhOB. 
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PLECTORTHIS NEWTONENSIS Weller. 

OW///.S ufuionnms Weller, Geol. Siir. New Jersey, Pal., Ill, 1908, Pal. Faunas, 
]). 113, pi. i, tigs. 3-5. 

This little shell oeeurs in the form of casts in a sandstone tliat is too 
coarse to preserve the details of the outer surface. The cast of the 
interior shows tine, simple, radiating ribs that increase liy intei’pola- 
tion and that are coarser on the ventral than on the dorsal valve. 
\"cntral valve slightly flattened at the front; dorsal valve with a broad 
mesial sinus. The shell appears to have been thin. The cast of the 
pseudospondylium of the ventral valve shows it to have been clearly 
defined; the area is low and not sharply defined from the curve of the 
cardinal margin; it is nearly vertical to the plam^ of th(' margin of the 
valve. The cast of the area beneath the umbo in the dorsal valve is 
more triangular and less transverse than usually occurs; unfortunatel}^ 
the material is too imperfect to determine any details. 

This species is the eastern representative in the Upper Cain])rian of 
PJ evtorthu hulhinoJa and UJdhujH), As far as can be determined by 
the material available for comparison, it is closely related to them, but 
it is not probable that they are specifically identical. 

Formation and local it tj, — Upper Cam})rian sandstone, Hardyston 
(|uartzite of Weller, Newton, New Jersey. 

PLECTORTHIS PAGODA, new species. 

Shell transverse, subsemi(‘ircular: a ventral valve 11 mm. in length 
has a width of 15 mm., and a dorsal valve S mm. in length has a 
width of 13 mm.; hinge line a little shorter than the greatest Avidth of 
the shell; cardinal angles vary from 75' to 111 ; valves moderately 
convex. Cardinal area narroAV in both valves and inclined backward 
from the hinge line. Surface marked by equidistant, narrow, low 
ribs, 3 in a space of 2 mm. near the front margin of a shell lO mm. 
long, with tine, radiating strite between them; the radiating ribs and 
strite are crossed by tine, concentric stria\ and lines of growth. 

Ventral valve with a strong, somewhat angular, median fold, rising 
from a well defined depression on each side of it, or it might be 
designated as a Axrv strong rib rising above the general surface of 
the valve from a broad, median depression: the lateral slopes are 
gentl}" convex. Dorsal valve with a strong, angular, median depres- 
sion, beginning at the posterior margin and gradually widening to the 
front; the sides of the depression risc‘ above the general surface of the 
valve, and form with the outer sloj)c a well defined, low ridge on each 
side that extends a little forward on the front margin to fit into the 
de]>ressions on each side of tlie imalian fold of the vcmtral valve. 

The interior of a small dorsal valve has a brotid. strong median ridge 
corresponding to the depression on the exterior surface; a main vascular 
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.sinus sturts on each side of tlie base of the median ridge and arches 
outwai*d and then forward al)out a d(‘pi*essed oval space on each side of 
the ridg(‘: lateral branches exteiid from the main sinus toward the 
sid('s; the impressions of the anterior and posterior adductor muscle 
s(‘ai*s (^ccur on the slopi's of thi‘ median ridge and the oval deiiressions; 
somewhat obscure radiating lines mark the anterior ])ortion of the 
surfae<‘. 

Ohs('rn/fi(//ts. This shell is distinguished bv its strongly marked 
median ridge on the vmiti'al valve and sinus on th(‘ dorsal valve. In 
general form and surface markings it is not unlike P/ectorf/u\s desuutp- 
Ivitnf and Plrdorf/tlx ^rJcIufifrnsis, 

Format inn <md toralitu, Tpper Cambi*ian. Chao ]\Ii Tien lime- 
stone, two-thirds miles west and Pagoda Hill, one mile west-southwest 
of Tai An Fu. Shantung, China. 

Collection of Eliot Rlackwelder, Cai'negie Institution Expedition to 
China. 

PLECTORTHIS PAPIAS, new species. 

This species is founded to receive a form represented by two small 
<lorsal valves from the Paradoxides zone of Newfoundland. They are 
moderately convex, with a low ai‘<‘a divided by a broad dcdthyrium; 
surface marked by numerous, rounded, depressed ribs, crossed b}" con- 
centric strije and ridges of growth. Length of shell 4 mm.; width, 
.5 mm. 

Fnrmati<m <nal lovidiin,- Middle Cambrian. Paradoxides zone. 
Shales with ]\{radoFd<K daviPi and 4o feet lower in the section. 
Manuels I’iver. Conception Hay, Newfoundland. 

PLECTORTHIS REMNICHA Winchell. 

Orfhis rnnnicjin N. II. Winchell, Fourteenth Ann. Kep. (ienl. Nat. Hist. Sur- 
vey iMinnesota, 1SS6, p. .S17, pL ii, fig. 7. 

Orfhis t renmicha Wau ott, ^long. XXXII, U. S. (Jeol. Survey, 1899, pp. 451, 
452, pi. Lxi, figs, a, 8a; pi. l\ii, tigs. 1, la-d. 

Sh(‘ll of medium size, usually slightly transverse, with an oblong, 
oval outline for th(‘ ventral valve, and a subquadrate to semicircular 
outline for the dorsal valve. Valves moderately convex, with an 
almost straight hinge line that varies in length from nearly the gn^at- 
est width of tin* shell to two-thirds the gnuitest width; cardinal angles 
vaiying from 90 or less in the extreme forms, with extremities some- 
what angular, to the othm- extreme, where they are very olituse and 
have the appcaraiu‘e of being almost rounded, their angle being not 
less than 120 . Cardinal an‘a narrow, but well developed on each 
valve, and divid<‘d ly a rathm' largi' deltliyrium. 

The vimtral valv(^ has in some sperimens a shallow mesial depres- 
sion, and in some <v\ainpies it is tiattmn'd toward the cardinal angles; 
IxNik small and cur\ ing down toward the hinge line, beyond which it 
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projects slightl}\ Dorsal valve slightly less convex than the ventral; 
beak small, scarcely projecting be^^ond the hinge line. 

Surface marked by bifurcating, radiating costie, that vary on shells 
of similar size from 16 in the space of 5 mm. to 3 in the same space. 
This variation is shown in the specimens from Texas, Wisconsin, and 
Wyoming. In well preserved specimens very tine, radiating, raised 
striie occur both on the costa^ and on the intervening depressions. 
These are showm on the casts of the shells from the St. Croix sand- 
stone of Winfield, Wisconsin, and on the larger shells from the lime- 
stones of Indian Territory and the Yellowstone National Park. 

The interior of the ventral valve shows a slightly raised, rather 
small tripartite umbonal cavity beneath the umbo, which is the only 
trace of interior markings of this valve observed. The interior of the 
dorsal valve has a slightly elevated area upon which occurs a narrow, 
short median septum. The crural plates are also well shown. In 
casts of the interior from the St. Croix sandstone of Wisconsin the 
dental lamelhe of the ventral valve are finel}^ shown, and in the dorsal 
xiilve the median septum and crural plates. 

This is one of the most variable shells that occur in the Cambrian 
fauna. Its range of variation is such in all of the widely" separated 
localites in which it occurs that one would scarcely hesitate, if in pos- 
session only of the extremes, to identify two well-marked species. 
The variation is not onl}^ in the radiating eostje, l)ut also in the gen- 
eral form of the shell. This variation is expressed in three varieties 
that receive names, and others might be designated if more minute 
variations were given consideration. 

Formation and locality . — Upper Cambrian. St. Croix sandstone. 
Red Wing, Minnesota. Four miles north of Reedsburg and at Win- 
field, Wisconsin. 

Near base of Upper Cambrian, on ridge eight miles east of Yellow- 
stone River, three miles north-northeast of Mount Delano, Park County; 
Gallatin terrane. Crowfoot section, Gallatin Range, Yellowstone 
National Park. It also occurs at a slightly lower horizon on the south 
side of the Gallatin Valley, and specimens Avere collected farther to 
the north by Dr. A. C. Peale, opposite the mouth of Pass Creek, in 
the Gallatin Valley, Montana. 

Upper division of Reagan formation, NW. i sec. I, T. 2 S., R. 1 E. 
West side of Honey Creek, near SE. corner sec. 35, T. 1 S., R. 1 E. 
Ardmore quadrangle; northwest extremity of Arlnickle Mountains, 
about 4 miles east of Homer, Indian Territoiy. 

PLECTORTHIS REMNICHA SULCATA, new variety. 

This variety is founded on the strongly sulcate dorsal valve. The 
ventral valve shows only a slight flattening of the median portion. 

Formation and Upper Cambrian. St. Croix sandstone, 

Winfield, Taylors Falls, and four miles north of Reedsburg, Wisconsin. 

Proc. X. M. vol. xxviii — 04 18 
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PLECTORTHIS REMNICHA TEXANA, new variety. 

The rounded, sul)(|Uiidrate form, and the arrangement of the radi- 
ating* eo.stie serves to ditferentiate this variety. Tliis costa* vary con- 
siderably on ditferent shells, but tlie tendency of the larger mimber 
is toward a surface chai'acterized by nai*row, eveidy spaced, radiating 
ribs; tine radiating stria* occur on the ril>s and interspaces. A shell 
that is doubtfnlly referred to this variety occurs in the silicions iNliddle 
Cambrian limestones, 50 feet above tlie conglomerate series, St. Francis 
County; also in section township 35 of Iron County. Missouri. 

Formation amJ locality , — Upper Cambrian. Cold Creek Canyon, 
Burnett County; on (V>Id Creek, north end of Sponge jMoiintain, 2 
miles south of San Saba County line in Llano county, Texas. Arbuckle 
limestone, NE. \ sec. 2, T. 2. S., I\. 1 E., Ardmore ([uadrangle, 
Indian IVrritory, 

PLECTORTHIS REMNICHA WINFIELDENSIS, new variety. 

This variety is characterized by having liner and more uniform 
costic than any of the shells referred to /\ rcmniF\a, The cosbe 
increase by interpolation rather than bifurcation in the true sense of 
the word. The shorter costje begin as very nai*iow, sharp ridges, 
merging into the sides of the larger costa* below the summit of the 
latter, or they may arise entirely on the inters])aces between the costa*. 
The pseudospondylium is less strongly develo])ed than in I\ rcnini- 
cha. Tin* young shells are usually narrower at the hinge line than the 
adult; but this feature is sometimes present in large shells. 

Formation ami locality . — Upper Cambrian. 8t. Croix sandstone, 
Winfield, Pilot Ivnob, and doubtfully Trempealeau, Wisconsin. 

PLECTORTHIS RETROFLEXA Matthew, 

(ronamhomtei^ pkoin var. de Verneuil, Beitra>re zitr (Tcosinosie des 

R\Lssischen Kciclics, IS80, p. 77, pi. xxv, tigs. 1, 2. 

C/itamho>ntf^s {< rondnifxmiti phudt var. refrojfexd ^Iattiiew, Trans. Roy. Sor. 
Canada, 2d scr., I, ISPH. p. 2<>n, p]. n, figs. la-c. 

nitmuhonites pbnnis r< troth Sciuthekt, Bull. U. S. (ieol. Survey No. S7, 
1897, ]>. LS4. 

Bi/tiiiyMIa rrtrojlexn MniiiEW, (le<9. Sur. Cana<la, Rep. C'ainljrian Rocks, Cape 
Breton, 1903, p. 118, pi. x, ligs. 2a-e. 

This species is dislingnisln*d by th(* tiin* radiating costa* on the ven- 
tral valve and coarser cosla* on the dorsal. The tine, longitudinal 
stritC are similar to those of /\ d mnicha. In a spec imen of the ven- 
tral valve, the pseudospondylium. area, and base of the main vascular 
sinuses are shown. Sp(*cimens of the dorsal valve show the cast of 
the strong cardinal i)rocess. dental sockets, and crura, and the ovarian 
area.s and visceral area between. Doctor 51atthew describes other 
features of the interior of the valves. 
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The character of the costa* and general features of this shell, as far 
as known, appear to class it with J\ rc/fn}!ch(i and alli(*d foi nis. 

Formatlo}} and local Ify, — Middle Cambrian. Sandstone and sandy 
shales, McFees Point, near George Kiver station. Cape Preton, Nova 
Scotia. 

PLECTORTHIS SALTENSIS Kayser. 

Orthh mUensl^ PaUeontographica, Primord, mid Sil. Foss. Argentinischeii. 

Rep., 1876, p. 8, pi. i, lig. 16. 

Doctor KayseCs description of the figures lead me to refer this spe- 
cies to the genus Phctortlus. The general foi’in of the valves, the 
casts of the interior of the a entral valve, witli the strong iiinhonal cavity 
and the radiating ril)s, increasing in number by intercalation of ncAv 
ribs, appear to sustain the reference. 

Formation and. locality, - Upper Cambrian. Sandstone of Salta and 
Nevado de Castillo, and at Tilcnya, Argentine Kepublic. 

Doctoi- Ka^'ser also desci’ibed and illustrated the dorsal valve of a 
shell that he referred to Orthos sp. It suggests ( hi his {(honsif.) ^ 
lentlcalaris. 

PLECTORTHIS TULLBERGI, new species. 

This shell occurs in the ])assage beds to the Ordovician at the top of 
the Ceratop} ge zone. Its transverse outline tind simple, strong ri))s 
servo to distinguish it from I\ christinucc and l\ d((ana,s. 

The specific name is given in nn'inorv of Sven Axel Tull})crg. 

Fornadlon and /6>cv/ /////. -Upper Cambrian. Ceratopyge zone, 
Olands, Borgholm, Sweden. 

PLECTORTHIS WICHITAENSIS, new species. 

In general form and outline this sliell is related to P, do^moph ara 
and ]\ remnlcha. It is more convex and differences in the I’adial l ib 
bingand striation separate it from the former spe(‘ies, and it occurs in 
an older geological formation. Its convexity and sui'facc characters 
distinguish it from J\ romnlclm, 

A considerable number of relatively smooth shells occurs in the col- 
lections that may be designated as a variety, but it is often difticult 
to separate them from the more finely I'ibbed specimens that are 
typical of the species. 

Formation and locality. — Cpper part of Middle C^ambrian and base 
of Upper Cambrian. 

Middle Cambrian, Reagan formation. A little s(>ulb of AV. i of se<*. 

2, T. 4 N., R. 13 W. One-quarter mile south of Canyon Creek (^amp, 

15 miles northwest of Foi-t Sill, M"ichita Mountains. Also in same 
area near middle of west half of sec. 13, T. 4 N., R. 13 AV.: 2 miles 
south and 1 mile east of ('anyon Cb*t‘ck Camp; also in SAA". f sec. 17,4 
miles east of Canyon Crt^ek Camp. 11 miles northwest of Foit Sill, 
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Oklahoma Territory. C’okl Creek, north end of gorge opposite north 
end of Sponge Mountain, Llano County, Texas, Conglomerate series 
and 50 feet above, St. Pk*ancis County, Missouri. Cpper Cambrian. 
Lower part of Arbuckle limestone. At small hill miles southwest of 
Signal Mountain, M^iehita Mountains, Oklahoma Territory. Reagan 
formation, top beds, west side of Honey Creek near SE. corner sec. 
^15, T. 1 S., R. 1 E. ; NW. i sec. 1,T. 2 S., R. IE., Ardmore quadrangle. 
Northwest extremity of Arbuckle Mountain, about 4 miles east of 
Homer, Indian Territory. 

PLECTORTHIS WICHITAENSIS LAEVIUSCULUS, new variety. 

A variety with small, nan’ow, nunKU’ous ribs is given the above 
name. Many graduations <‘xist between it and the typical forms of 

/ \ tile axis, 

Formation and tonal ittf, - Same as 1\ n:!chltaen>iii< in Oklahoma and 
Indian Territories. 

PLECTORTHIS WIMANI, new species. 

This shell is distinguished fiom J\ <‘h rirt/an wwd I\ da\inm< by the 
rounded, narroAV, simple libs, loss transverse and more rouiah'd out- 
line. A ventral valve shows a well-delincd pseudospondylium with 
the tripartite division as seen in Plretortltlx remnlcha. Two strong 
main vascular sinuses extend forward from the lateral divisions of th(‘ 
umbonal cavity nearly to the front of the valve, corresponding in 
position to those of the dorsal valve. The cast of the dorsal valv(‘ 
indicates the presence of rather strong crura, crural plates, teeth 
sockets, and delthyrium. 

The ventral valve is i*ather strongly convex and dorsal valve about 
one-half as much so. The average size is 0 mm. to 7 mm. in diameter, 
the ventral valve being about 1.5 mm. larger than the dorsal. The 
largest ventral valve in the material available for study has a length 
oI 11 mm. 

The species is named after Dr. Carl Wiman in recognition of his 
excellent work on the cambrian faunas of Sweden. 

Fonnation and lovatiti/. Upper Cambrian. Ceratopyge zone. 
Limestone at Gland, Borgholm, Sw(‘den. Limestone at Slcmenstad 
west of Christiania; black argilaceous shale, Christiania, Norway. 

PLECTORTHIS 2 Sp.? 

Dr. »1. E. Pompeckj^^ mentions two species of Orthis from the 
Middle Cambrian green Paradoxides shales of Bohemia which appear, 
from the illustration, to Ixdong to the genus PUctorthJr. The mater- 

Jahrbudi k. k. ReidiKUistalt, XLV, j). 5L I, pL xv, fig. (3 an<l tig, 7. 
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iai is too imporfcrt to liaso s]>ociH<‘ (Irtoiniinations ii|)on. Oortoi’ 
Poinpockj dosrribes them as follow s: 

(Plate XV, lig. 5. ) 

Orthk sp, — In the green Para<loxides slate of tlie Dlouha bora aliove the brook of 
Zhirov near 8krej then^ were found some iin))ressions of dorsal valves, which ^lepart 
from Orthl>i ronmiperi. The ribs are remarka))ly broad, Hat, and separatiMl ))y 
narrow interspaces; ribs may In* observed to be s])lit several times. 

(Plate XV, tig. 7.) 

OrtMssp. — The impression of a dorsal valve from green Paradoxides slate in the 
gorge above Luh near Skrej also departs from Orthin romingeri by its greater breadth 
and less distinct ribbing. 



ORUSIA, new subgenus of ORTHIS. 

Orthu lenticalari^ of authors is not an Orthi^ as restricted by Hall 
and Clarke. It appears to belong more nearly to the group of species 
assembled under Phetorthis. Jt departs from Plectortlns in its very 
thin shell, subecpially convex valves, small umbonal cavity, and wide 
variation in form and surfaci' characters, and is here placed under 
new subgenus. 

The only species of the subgenus Onu^i(( is O. {O.) lentlnthtpis 
wduch o(*curs in tln^ Up])(u* Cambrian. Another species that is doubt- 
fully referred to the subgenus is O, ( i), a Middle Cambrian 

form that appears to be nearer O, {O.) Jpvtinil(vris than to other knoAvn 
species of the genus Orfhis, 

The species referred to are: 



Name. 


M.c. u.e. 


1. {,Orusia\ Wahlenberg 




{Ornsia) Imtienlariii atrypoides Matthew 




{Onisia) knticulans lyncioides Jlatthew 




2. {Orasiaf) eurekmi^is Walcott 


X 





ORTHIS (ORUSIA) LENTICULARIS Wahlenberg. 

Anomites lenticxdarh W.vni.ENnicmj, Nova Acta Upsala, VII I, 1821, IVtr. toll. 
Snec., j>. bC). 

.Ibv//>o.^ Zc/i/fc/fto/.s Palman, Kongl. UtonskapH Acad. Hand., 1827, p. 1.S2. 
Spinfera Von TIia’ii, Abhandl d. Perl. Aka<h, 181)4, p. 48, pi. i, frgs. 

12), 14. 

Airiifut.^ Inificularis Leth<ca Svecica, 1827, ]>. 7b. 

Atrypa lentiruhtrh Kjerulf, Ueol. d. sudl. Norw., 1857, p. 284; Veiviser ved. 
geol. exc. i. Chrintiania omogn., 18b5, p. 8, tig. 7; Syd. Norges geol. atlas, 
1879, pi. xiii, 

Orthh Jeuticularls Salter, Mem. Ueol. Sur. Great P>ritain, 111, 1866, p. Iklb, pi. 
IV, figs. 8-10. 

Orthis lexiticularh Davidson, Geol. Mag., V, 1868, pi. xvi, figs. 20-22; British 
Foss. Brach., HI, 1871, }>. 220, ])1. xxxm. figs. 22-28. 

«Pal. N. Y., VIII, Pt. 1, pp. 192-194. 
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Orthix Irnticnlaris/ K aysek, riiln-oiilo^naphica, Priiiiordiale iind uiiterHil. Fost^. 
Argentinisflicii lieimhlik, II, l<S7d, ]>. 9, [>1. i, 11, 12. 

Ortlns lentiruldvis BR(Ka;KU 1882, Die Sil. I'.tagen, 2 mid 3, p. 48. 

Orthifi ledtlrdl((rii< M atthew, Trails. Roy. >Soe. Canada, IX, 1891, p. 40, pi. xii, 
lig.s. 9a-<l. 

Orthh Jentfvdlurlx var. f^irctphoniemndeH Matthew, Trans. Roy. Soc. Canada, IX, 
1841, p. 49, pi. XII, tigs. 12a, 12b, 

Dr. Gooroe F. Matthew in his excellent review of the descriptions 
of this species oiv(\s a tninshition of Wahlenberg-'s orio-iiuil description, 
together with the Latin; also Dahnan's, Leopold von Bnch’s, and 
SalteFs descriptions. 

He calls attentioti to the fact tliat if the reader will compare the sev- 
eral descriptions of this species by the authorities named he will be 
surprised at the diversity th(‘v exhibit. This diversity, Doctor 
Matthew thinks, is due partly to the imperfect descriptions of the 
earlier writers, but ehietly to the remarkable variability of the species/^ 
Doctor Matthew recognized the species in the Upper Cambrian, St. 
John, New Brunswick, and he also distinguished three varieties. 
Through Doctor iMatthew-'s kindness I had the opportunity of studying 
the types of the varieties. 

Through M. Schmalens(a\ collector of the geological surve}^ of 
Sweden, 1 secured a hu'ge and tine series of this sp<‘cies from thin 
liands of limestom' in the Olenus and alum shales at Glands and Nunue- 
Imrg. I also collected a (juautity of the shells fi*oni the Upper Cam- 
])i’ian of JManuels River, NcAvfouudland. From this material an 
attempt has been made tosoleiT a series illustrating the great range of 
variation in form and surface markings; tirst. from Sweden; second, 
Newfoundland, and third, N(‘w Brunswick. I was not able to obtain 
satisfactory material from ^Vales, but Mr. Davidson’s figures illustrate 
fully the peculiarities of the species as it occurs there. These illustra- 
tions will appear in the eom})lete(l monograph on the Cambrian 
brachio})oda. 

Only one specimen was found in which the two valves were united. 
The convexity of the two valves is subecjual, the ventral being a trifle 
greater. 

A very careful search has Ix^en made of casts of the interior to illus- 
trate the muscle scars and vascular markings. In a few instances 
traces have Ixam found. One of these shows the area (pseudospondy- 
lium) beneath the umbo of the ventral valve: also the main vascular 
sinuses. Doctor Mattlu‘w illustrat(‘s some traces of the vascailar 
markings and muscle scars, but they are ahuost too indefinite to be of 
value. 

In a single speiamen of the ventral valve from Glands, the cast of 
the umbonal cavity is lUMirly as sharp as in some specimens of Plec- 
torthis rennilclta. The cavih’ is tripartite, the central division being 



^Trails. R(»y, Soc, Can., IX, 1891, pp. 46-47. 
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occupied ])\ tli(‘ didiictur muscle scars, and tlie two lateral divisions arc 
continuous witli the ridges representing the casts of the main vascular 
sinuses. I have been unable to determine positively whether there is 
a deltidiinn present or not. The delthyrimn is clearly shown in sev- 
(‘ral specimens. Casts of the interior of the dorsal ^alve from New- 
fonndland show the presence of crural plates that extend to the bottom 
of the valve; also short, but very detinite, crura and small depressions 
beside the latter for the reception of the teeth of the ventral valve. A 
cast of the ventral valve shows that the ventral plates extend to the 
bottom of the valve, and specimens fi’om Sweden show that the dental 
plates and a transverse arching ridge sharply define, in certain indi- 
vidual ventral valves, the umbonal eavity. 

The average size of the specimens from Glands is about 5 by 0 mm. 
One dorsal valve is 7 by b mm. Those from Niinneberg average from 
5 to f) mm., with occasional shells 7 by 8. In Newfoundland great 
numbers occur A by 5 mm., but there ai*e also examples having a 
height of 10 min., with a width of 12 mm. Doctor iMatthew states that 
the medium size of the sludl is about 5 bv mm. in the Acadian rocks. 
Doctor Brogger mentioned an example from Toieu, Vestfossen, 10.5 
by 12.5 mm. 

I have not attempted any detailed description of tln‘ species, as 
it is so valuable in form and surface markings. An attempt was 
made to discriminate varieties in the material from Sweden and 
Newfoundland, but there was such a gradation in all of the characters 
upon which such ditlenmtiation might rest that it was linally aban- 
doned. Doctor Matthew considers that he has reason for establishing 
varieties among the New Brunswick forms. Whether these would be 
of value if a large amount of material were availabh^ for comparison 
is doubtful. 

Dr. E. Ka}^ser^^ illustrates a shell that is apjiarently identical with 
O, (O.) letiticuhtris, which o(‘Curs in the sandstone at Tileuya, Ai’gen- 
tine Kepublic, in association with Olemix, etc. He also 

illustrates on Plate I, tig. 12>, a dorsal valve of a small Orthis that in 
many respects looks mon^ like O. Jentietdaris than tigs. 11 and 12. 1 

V('ry much doubt if they represent this species; in fact Doctor Kayser 
(juestions his identitication l)v an interrogation mark. He says of the 
shell: 

Another much smaller Orthis species occurs in the fine-grained sandstones of Til- 
euya, associated with Oleiius, Agnostus, Arionellus, Theca, and Orthis saltensis, 
which has just been described. The smaller Orthis species is transversely oval in 
outline, with straight hinge edge, corresponding to the greatest breadth of the shell. 
The ventral valve is nuxlerately arched, the dorsal somewhat less. The surface of 
both valves is covered with cf>mparatively strong ribs, arranged in bundles. On the 
middle of the ventral valve tlu*re is an especially well-marked rib or bundle of ribs. 

« Paleontographica, Primordiale und untersil. Foss. Argentenischeu Rep’b., p. 9, 
pi. I, figs. 11, 12. 
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To it cormsp(jji(]rt the <l<n’sal valvo :i well-marked sinus, limited on each side by a 
strong bundle of ribs. 

The form just described agrees in Iht^ main so well with the figures given by Salter 
and Davi<lson of tlie small J^aiglish form identified with Wahlenberg’s lenticularis, 
that I can hardly doiild its specific identity witli the latter. 

Of OrtJds sp. ho roiiiarks: 

Before me lies a cast from Tilcnya, reju-esentinga third Orthis species. It is almost 
equal in size to 0. saltmsh, but differs from it by its outline, which is greatly pro- 
longed transversely, the greatest breadth at the hinge edge, and the feebly wing-like 
projection of the hinge corners. This last-named characteristic and the much larger 
dimensions distinguish this fossil also from O. leuticukms. The surface of the shell 
has been covered with very strong bundles of labs. 

Formation and locality h , — Upper Cambrian. Olenus schists, Nunn.e- 
])urg; Olands; alum shales, Andi'aruni; many localities in West Got- 
land, Sweden. 

In Norway Doctor Brogger describes it from Vestfossen in associa- 
tion with Feltura ,searahH^olde.s. 

In Wales it occurs at the following localities, according to Davidson.^ 

Orthis lenticnhnis seems to be confined to the Tpper Lingulaflags (Dolgelly groups 
of Belt, or upper portion of the td’estiniog group of Sedgwick), and occurs at Pen- 
inorfa Church, near Tremadoc; near Criceieth, atOgof-ddn Cliff, Swerny-y-Barcud, 
Khiwfelyn, and in several other Wel.^h localities. ? 

In New Brunswick Dr. G. F. Matthew states that it occurs in great 
numbers and all sizes in limestone lentiles, inclosed in the black shale 
of division 3a, at Germaine street, St. John. 

In Newfoundland I found the separated valves covering the surfaces 
of shaly limestone, also in the body of the thin limestone layers, about 
300 feet higher in the section tlnm the zone of ]*arado,rldef< hlchu^ 
Manuels Kiver, Uoneeption Bay. 

The following varieties of Orfhir lenticAdarhs have been named by 
Doctor Matthew. I find essentially the same forms present in the col- 
lections from Sweden and Newfoundland. The variety stroj}h(onenoldfs 
does not appear to be of varietal value. Many sindi oc<‘ur in the Swe- 
dish material. 

ORTHIS (ORUSIA) LENTICULARIS ATRYPOIDES Matthew. 

OrOiis leuticularis var. atnjpoides Matthew, Trans. Roy. Soc. Canada, IX, 1S‘I1, 
p. 4S, pi. XII, figs. 11a, 11b. 

Original description. ~T\\\^ form is comparatively smooth, though the ventral valve 
is sometimes concentrically wrinkled. This valve is distinguished by a median ridge 
and somewhat flattened sides, and the dorsal valve has an unusually deep sinus. 
Size of the known examples, 6 by fi mm. and 5 by 6 mm. for the two valves. 

Formation and lorahtt /. — Same as O, lentlcidarh\w New Brunswick. 

«Brit. Foss. Brach., ill, p. 232. 
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ORTHIS (ORUSIA) LENTICUI.ARIS LYNCIOIDES Matthew. 

/cuticalifris ^Iattiiew, Trims. Roy. Sor. Oima<la, IX, 1S91, p. 49, 

pi. XII, figs. lOa-c. 

Original description. — Distinguished by its .sharp, strong, radiating ribs, large umbo, 
and liigb cardinal area. In some of the larger examples the radaitiiig ribs become 
su})ordinate to and are replace*! on the newer pai t of the sludl by concentric striie, 
reversing the usual position of the ribbe*! and the smooth parts of the shells of this 
species. Size of the valves, about 0 by 8 mm. 

Formation and locality . — Same as O. lenticiilaris in New Brunswick. 

ORTHIS (ORUSIA ?) EUREKENSIS Walcott. 

Ortlils eurehensls Walcott, ]\Tong. U. S. Geol. Survey, VITI, 1884, p. 22, pi. ix, 

fig. 8. 

Protorthis f eurel'cnsis Hall and Clarke, Pal. N. Y,, VII 1, 1892, Pt. 1, ]>. 282. 

Orthis f eurel'ensls Schuciiert, Bull. U. S. Geol. Sur. No. 87, 1897, p. 286. 

General form rounded subquadrate; strongly convex. Surface 
marked by line, rounded, ladiating rilis, five in the distance of a mil- 
limeter. Length of ventral valve, 4 mm., width, 4.5; dorsal valve a 
trilie shorter. 

Ventral valve with a high median fold over the umbo, that widens 
and ilattens toward the fiont margin, which is arched to receive the 
projecting median depression of the dorsal valve. The umbo curves 
over to the apex, which overhangs the hinge line. Area low, and 
strongl}" inclined backwai’d. The interior cast shows that there was a 
thick pseudospondylium, but no details of it are pi*eserved. Dorsal 
valve with a deep, gently curved, median sinus or depression, that 
extends from the umbo to the front margin. In the cast strong ante- 
rior adductor muscle scars are shown on the sides of the median 
depression, and just back of them in the sinus what may be the smaller 
posterior adductor seal’s. 

Ohservatiom . — This strongh^-marked shell suggests some of the more 
convex shells of O. {O.) lenticularis; it differs in its fine ribs; deep 
median sinus of dorsal valve and sharp fold of ventral valve; also in 
the presence of a thickemd shelf beneath the umbo of the ventral 
valve that suggests a spondylium; this (haracter, however, is some- 
times indicated in O. {<>.) lodicuhtris. 

Formation and locality. Middle Cambrian. Prospect Mountain 
limestone just beneath Secrid Canyon sliale. East slope of Prospect 
Mountain, Eureka Distidct, Nevada. 

FINKELNBURGIA, new subgenus of, ORTHIS. 

This subgeims is based upon two species that differ from Plectorthis 
in having thick shells and strongly marked vascular trunks in the 
ventral valve. The type of the siibgenus, F. ^finkchdnirgi, with its 
acuminate and sometimes alate cardinal extremities and subequally 
convex valves, is a very strong!}^ marked type; the second species, 
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(J\) osceoJa, luis ()htu,s(‘ fjirdinnl exti’einities, and ino«t of the exam- 
ples elosely reseml)le in foi*ni l^h dorthix rthnilrha. It is onl}^ when 
the speeimens from thc‘ tine-oTahu‘d sandstone of Trempealeau are 
studied that one hnds the thiek shell and strouo- interior markings that 
ai’(‘ unknown in species of Plecfortlds, 

This submenus is named after Mr. \V. A. Finkelnbiir^*, of Winona, 
Minnesota, who has been one of the most intelligent and enthiisiastie 
collectors of Cami>rian and Ordt)vician fossils in ^Minnesota in recent 
years. 

The species referred to Fi nlelulfiinjai are — 



Name. 



Cambrian. 

L. , iM. I U. 



1 . (K { Finkelnbin'f/ia) finkrlnburpi, new .species 

‘2. O. i Fhikdnbiirgia) oscfoln, new species 

O. ( Fhtkdnhui'nUt) oscnthi rornffiato, new variety , 



ORTHIS (FINKELNBURGIA) FINKELNBURGI, new species. 

Shell transverse with the cardinal an^dt^ extremities acuminate and 
in some exam]des almost tdate. In tin* ventral valve the hinge line 
slopes toward the beak at a low angle; in the dorsal valve it is nearly 
striught. There is considerable variation in the height and width of 
the shell, this feature depending upon the extension of the cardinal 
angles. The convexity of the valves is snbeqnal. In some examples 
the ventral valve* is much more elevated and convex than in others, 
and the same is true of the dorsal valve. A low, clearly detined, 
mesial sinus occurs on the dorsal valve, l>eing strongest in young shells, 
and there is freeiuentl^-a Hattening of themesaal area on the v(*ntral valva\ 

The surface is marked by tine, rounded, radiating costa*, crossed by 
concentric lines, and, occasionalh^ ridges of growth. In a ventral 
valve T mm. in height, 11 mm. in width, there ar<* two costa* in a dis- 
tance of I mm. 

The largest specimen of a ventral valve in the collection has a height 
of 10 mm. with a width of 18 mm. The average shell is less than 8 
mm. in height. 

The cardinal area of the ventral valve is relatively high. It extends 
backward over the hinge line at an angle varvingfrom 15 to 45 from 
the plane of the valve. The delthyrium is of moderate width and 
apparently partially covered b}^ a deltidium. The cardinal area of the 
dorsal valve averages about one-half th(* height of that of the ventral 
valve, although in some shells it is fully two-thirds as high. It extends 
backward at an angle of about TO to the plane of the valve. It is 
divided midway by a strong delth} rium. None of the specimens in 
the collections show whethei’ there was a chilidium present or not. 

In the interior of the venti’al valve the strong teeth are supported 
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bv dental plates that extend to the liottoin of the valve and bound the 
iiiubonal cavitv (pseudospondyliuui). Th(' only traces of the vascular 
s}^stem are the bases of strong- vascular trunks. The adductor nuiscle 
sears appear to have been carried into a very narrow space on an ele- 
vated ridoe Ijetween the deep iiupre.ssions made by the main vascular 
trunks; in another specimen the points of attachment of the muscles 
are well advanced into the valve. 

In the interior of the dorsal valve a cast of the pseudocruralium 
appears to have a small, cardinal process, or callosity, but it is too 
doubtful to serve as basis for a statement that the cardinal process is 
present; there are traces of a median septum shown on the central 
ridge toward the center of the valve. The cardinal process occurs 
in the anterior half of the umbonal cavity. The casts of the interior 
show that the crura are short and well defined, with relativel}^ strong 
dental sockets beside them. The only traces of the muscle scars 
observed are those of the adductor. 

Observations , — The exterior surface and size of this shell recalls 0. 
{J^inkeln/n(r(/i(() osceola. It differs, however, in the accuminate ventral 
angles and strongly convex dorsal valve. In foian the elongate cardi- 
nal angles relate this species to BlUbuisrlla { (H^isia) sa)ulher(j!^ but in 
surface and interior markings it materially differs from the latter. 

Formation and locality , — Upper Cambrian. 8t. Croix sandstone at 
Trempealeau. Devils Lak(‘. Osceola Mills, Wisconsin. Minneiska, 
Minnesota. 

ORTHIS (FINKELNBURGIA) OSCEOLA, new species. 

The general form of this species is similar to that of 1\ remnicha,^ 
except that it is usually more transverse. It is a smaller shell, aver- 
aging for the ventral valve a height of S mm. and width of 11 mm., 
while P, remnicha averages 12 mm. in height and to 16 mm. in width 
in the adult shell. The radiating costa? are more uniformly rounded 
and regular and more numerous, except when compared with the 
variet}^ terana. The shell of O, (F, ) osceola is thick like other forms 
of the genus with a result that the vascular markings are definitely 
outlined. In one specimen the anterior and posterior diductor scars 
are beautifully shown; also the large main vascular sinuses so charac- 
teristic of many species of Billimjstlhi, The adductor scars, cardinal 
process and median septum are 5vell brought out in a cast. Some of 
the dorsal valves approach quite closely to those of P, remnicha 
sulcata, 

J^brmation and locality , — Upper Cambrian. St. Croix sandstone, 
Trempealeau; Menomonie, one-half mile southeast of court-house; 
Mazomanie; Osceola Mills; Lodi, about one-third of a mile west of 
railroad station, Wisconsin. Just below Dicellocephalus min nesotensis 
bed, Winona, Minnesota. 
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ORTHIS (FINKEI.NBURGIA) OSCEOLA CORRUGATA, new variety. 

At two localities ot‘ (K {F.) osceola a few specimens occur which 
have strong concentric ridges formed by the piling up of lines of 
growth. The slndl has a corrugated appearance that is very distiiu*- 
tive and it is designated as a variety. 

For)iu(tion and locality. — Upper Cambrian. St. (Toix sandstone, 
Osceola Mills, Wisconsin. Just l)elow DicellocepJadus minnesotenHis 
beds, Winona, Minnesota. 

PROTORTHIS Hall and Clarke. 

Protorthis Hall and Clarke, Pal. N. Y., VIII, 1892, Pt. 1, jl 2.31, jd. vii a, 
tig.s. 14-21; Eleventh Ann. Rep. State (leologist New Y'ork, p. 273, pi. viii, 
figs. 3-7. 

BillmgselktScni CH^nT, Bull. U. S. Geol. Sur. No. S7, 1897, p. 334. 

Original diagnoMs . — Shells small, transversely siibqna<lrate or semicircular. Hinge- 
line straight, its length being equal to the greatest width of the valves. Valves 
unequally 1 neon vex, or subplanoconvex, the pe<licle- valve being the larger. The 
cardinal area is narrow on both valves, but is higher on the [ventral] pedicle- valve, 
and is transected by a broad delthyriuin, which is closed below by a concave plate 
apparently produced by the union of the dental lamelbe, which are not continued to 
the bottom of the valve; teeth distinctly developed. In the [<lorsal] brachial valve 
the cardinal area also bears an open delthyriuin; the <lcntal sockets are obscure and 
the crural plates small; the latter appear to unite and form a low elevation across 
the base of the delthyriuin. Cardinal process absent or rudimentary in all the speci- 
mens examined, ^luscnlar markings in both valves extremely obscure. 

Surface marked by distinct plications, with interstitial liner ra<lii, which are crossed 
by delicate concentric striie; these are usually accompanied by a low sinus and fold 
on the brachial and pedicle- valves, resj)ectively; interior very finely papillose. 
Shell-substance fibrous and apparently punctate. 

Type. — Orthis Bllluig.d Hartt. St. John group. 

The characters of the 8t. John si)ecies are eminently comprehensive; first, the 
form of the shell is one more fre(piently met with among the strophomenids 
than among the orthids; the concave })late formed by the union of the dental 
lamelhe is never found in Orthis proper, tin nigh occurring in Srenidluno In Orthlslna 
or < dltamhonites this plate is always pn*sent, )>ut always supported by a median 
.se})tum and invariably accom]>anie<l by the convex deltidium, whitdi, so far as 
known, does not (‘xist in Protoriltls; while in the group typified by Ortlrh Beplna^ 
Hall (here designated by the term Bi/lingsella), the convex deltidium of (litam- 
hoNttes is })reseiit and the coiicave or dental jdate absent. The apparent ab.sence of 
a cardinal j)rocess in Protorthis ma}' be due to the imperfections of the fragile shtdls 
studied. The specimens of the St. John shells are preserved as external and inter- 
nal casts, and from some of these there is reason to infer that the substance of the 
shell was punctate. 

Ohster oat ions. — A study of the various species here descrilied under 
tlie genus Protorthis has not given data that will add to the above 
generic description. All of the si>ecies have evidence of puncta‘ of 
greater or less depth on the inner and outer surfaces of the shell, but 
in none of them have punebe been found that penetrated througli the 
shell; this luav be owing to the fact that all of the .species are pre- 
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served as casts in the sandstone or shale, and none of them have the 
original shell substance, or a calcareous or siliceous replacement of it. 

A careful examination of a large number of specimens of the dorsal 
valve fails to reveal a true cardinal process. 

The genus ranges from the iliddle Cambrian well up into the Upper 
Cambrian. The ^liddle Camlirian species are: Protort hh hllUmjHu 
Proto rthis latouvemh^ Protorthls oaute^. Protort his quacoe/isis., Pro- 
tor this spencei. Upper Cambrian: Protorthls ^ nunnebergensis., Pro- 

torthisvnngi^ Proto rthis species undetermined. 

The subgemis Loperia has one species P. {L.)doiigaldensis from the 
Middle Cambrian. 



PROTORTHIS BILLINGSI Hartt. 

()rihk billmjsi Hartt, Acadian Geology, Dawson, 186S, 2d ed., p. 644, tig. 228. 

Ortlris biUmgd Walcott, Bull. U. S. Geol. Survey No. 10, 1884, j). 17, j)!. i, tig. 
I, la-d. 

() rthis bill In fjiil IMatthew, Trans. Hoy. Soc. Canada, III, 1886, p. 48. 

( hRiis t bilUagsl M xmiVAv , Trans. Hoy. So(\ Canada, VIII, 1891, p. 181. 

Rrotorihis billingsi II a Ligand Clarke, Hal. N. Y., VI II, Pt. 1, j)p. 2 1 a, 282, j)l. 
VII A, tigs. 14-20; Eleventh Ann. Hep. 8tate Geologi.st, New York, 1892, 
]). 273, pi. viii, figs. 3-7. 

BilllngscUa billingsi Scni chert. Bull. IT. S. Geol. Siir., No. 87, 1897, p. 158. 

The generic description follows veiy closely that of the type species 
P. billingsi in its main features. All of the specimens are compressed 
in the embedding shale, which renders it difficult to get a true concep- 
tion of the convexity and forms of the valves. The outlines may be 
transversely quadrilateral or snb.^iemicircular or subquadrate. Usually 
the area is inclined backward over the hinge line, but it ma}^ be distorted 
b}^ pressure so as to appear to incline forward. Young shells have a 
well-defined median sinus on the ventral valve that shows as a flattened 
space on the larger shells. A slight sinus sometimes appears on the 
dorsal valve. The surface of the shell varies in the number and size 
of the radiating ribs; sometimes they are scarcely visible toward the 
cardinal margin, and in other shells they are clearly defined all over 
the surface; the increase in number is by bifurcation and interpola- 
tion; tine, thread-like concentric striie and strong squaniose lines of 
growth cross the ribs. 

Ventral valve moderately convex, with the umbo and apex slightly 
curved over the area or erect above the area. Area appears to be 
slightly concave, divided midwa}" by a triangular delthyriiim, which 
is moi e or less closed by a concave plate that Hall and Clarke consider 
to be formed by the uniting of an extension of the dental plates or 
lamelhe; from the casts it appears that the teeth were well developed 
and supported by dental plates that united at the center opposite the 
delthyiium, but did not reach the bottom of the valve or a median 
septum; the free spondyliuin varied in length from a narrow rim 
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opposite the head of the clelthAM'iuni to a plate two-thirds or more of 
the length of the delthyriiim. 

Dorsal valve uniformly and moderate!}^ convex, with the apex 
eurv('d ovei* to the edge of the low area; area divided by a broad 
deltlnn’ium; casts of the interior show that the crura were strong, 
dental sockets shallow, and that the <*rural plates extended across 
the umbonal cavity, uniting to detine what may be called a pseuclo- 
cnralinni. No trace of a cardinal process has been seen in a large 
number of casts of the interior, and jVlessrs Hall and Clarke did not 
lind any in a large amount of matei'ial. 

The easts of the interior show that the shell was minutel}^ punctate, 
and a shell preserving some of the inner layers has every appearance 
of punctate structure, 

Olh^crmtions , — This si>ecies differs from all recognized species of 
the genus by its surface ri))s and stria*. 

Fonnatloii and loailltfj. — Middle Cambrian. Paradoxides zone. 
Dark argillaceous shales of division Ic, rieeley street, 8t. John, Port- 
land Brook and Ratelifts Millstreani, New Brunswick. 

PROTORTHIS HELENA, new species. 

This species is founded on the cast of a ventral valve associated with 
Protnsl})hon hempan^nn. The foiiii of the spondylium and area is 
like that of Protorthh latourenHtH^ but the smooth shell with a broad, 
rounded mesial sinus is unlike that s])ecies and also other species 
of the genus. The shell appears to have been thicker than that of 
P, latoarfnfiJi^. Onl}" traces of growth lines are preserved on the cast. 
The ventral valve is 10 mm. long with a width of 1-t mm. The cast 
shows that the teeth and dental plates were unusually strong. 

This species differs fi'om all others of the genus by its smooth or 
nearly smooth surface and strong median sinus. It suggests Syntno- 
jdi'm })aral)uenPhs at tirst sight, but there is no evidence of a median 
septum supporting the spondylium. 

The spcciffc name is that of Mrs. Walcott who collected the specimen. 

Formation and Ideality, — Middle Cambrian. 8t. dohn formation, 
Kennebecasis River, St. John County, New Brunswick. 

PROTORTHIS LATOURENSIS Matthew. 

Knfoyffina latourensis ^Iattiiew, Trans. Roy. Soc. Canada, III, 1886, p. 42, pi. v. 
figs. 18, 18a-c. 

Kaionfnta lalouremis Hall and Clarke, Pal. N. Y., VIU, 1892, Pt. 1, pp. 93, 95, 
233, pi. IV, figs. 18, 19, 20. 

( frlgitialdesrriptio)t. — ^Valvos narrowly semicircular, broader than long, fiat; uinbones 
low: greatest thickness in the posterior third; hinge line shorter than the width of 
the shell. 

I)i>rsal valve with a distinct median depression extending from the umbo to the 
trout margin, and with low ridges diverging from the beak toward the lateral third 
of the front of the valve, rmbo not elevated above the hinge area, which is exceed- 



NO. 1395. CAMBRFAX BRACHinPOfiA—WAIXOTT. 283 

ingly miiTuw or al)Soiit. Hinge line with two ^siiarp, .^lightly projecting teeth n(*ar 
the nmbo [crura?]. 

Ventral valve with a narrow median ridge extending two thirds of the length of 
the valve toward the front margin; also with a fainter ridge on each side diverging 
toward the lateral third of the border of the valve; umbo very low; hinge area per- 
cei:)til)le but very narrow, longitudinally striated, and having a minute tooth on each 
side of the very narrow and small foraminal opening. 

Surface ornamented with abmit forty or fifty tine, faint, radiating strhe; those of 
the middle fifth are close, continuoiis, and straight; a few on each side of these are 
more divergent, while those nenr the beak of the shell are fainter, closer than the 
last, and mcxlerately arched outward toward the lateral borders. The surface of the 
valves is also marked by very tine but distinct concentric strke; and at somewhat 
regular intervals l)y about twelve more distinct linens of growth. The concentric 
stride are usually as distinct as the radiating. Casts of the interior of the valves 
exhibit a smooth surface with some irregular, sinoiis, radiating stride. 

Length 7 min., width 11 mm. Length of hinge line, 8 mm. 

Ohi^ermtions. -Doctor ]\hitthe\v" kindly sent me the types and cotypes 
of this species, and from them and collections in the United States 
National Mnseuin, sutheient data was obtained to clearly show that his 
opinion that the species belong to Protort his and not /vutoiyina was 
correct. As far as known the characters of the area, teeth and free 
spondyliiini are the same as in P. t>ilti)i<jsi. The smooth casts suggest 
KotoiyinaX but the ribbed shells recall P. quaroersis and the area with 
open delthyriiim and free spondylium place the species in ProtorthU\ 
Its very tine surface ribs dilie I’entiatc P, fatounnsis from all other 
described species. 

Formation and —Middle Cambrian. St. Jolin shales, divi- 

sion Ic, Portland, New Brunswick. 

PROTORTHIS 1./EVIS, new species. 

Ventral valve transversely semicircular, moderately convex; surface 
of cast smooth; area overhanging the hinge line at about 30 from the 
plane of the margin of the valve. The cast shows a very clearly defined 
free spondylium. Shell about 0 mm. in width and 4 mm. in length. 

This is the only representative of the genus known outside of the 
Atlantic basin Cambrian fauna. All other species occur in New 
Brunswick and Cape Breton. Its smooth surface and inclined area 
distinguish it from other species of the genus. 

F'ornudlon <rnd loratity, — Middle Cambrian. St. Croix sandstone, 
one-half mile southeast of county court-house, Menominee, Wisconsin. 

PROTORTHIS NAUTES, new species. 

This species has the same type of punctate interior surface as F. 
}}iUi}tgsi^ and casts of the exterioi- are marked by minute, closely set 
. papillifi that are casts of the punct^e in the shell. Traces of the shell 
show the same type of pa])ilh\\ It is highly prol)able that the shell 

«See ligures^ 18-20, Pal. N. Y., VIII, Pt. 1, }»1. iv. 
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was punctat('. The exterior form is lik(‘ that of I\ hiUln<j^i.^ but in 
the surfaee ribs it differs from the latter and other described species 
of the ^enus. 

A ventral valve has a leno-th of 5 mm. ; width, 8 mm. A dorsal valve, 
length, 7 mm.; width, 10 mm. There is considerable variation in the 
relative propoi'tions between length and width. 

Forma tfon am! — Cambriaii. Dark argillaceous 

shales, Wasatch Range, near Montj^elier, Idaho. 

A similar shell occurs in the slialy limestone of the Middle Cambrian, 
8 miles east of Anteloi^e Springs, Utah. 

PROTORTHIS (?) NUNNEBERGENSIS, new species. 

Shell transversely semielliptical, plano-convex. Surface with very 
hne ribs that increase by interpolation and bifurcation; on some shells 
bands of slender ribs are delijnited by stronger i-ibs, usually 2 to 5 
})etween 2 more prominent ribs; tine concentric stihe give a (‘ivnulated 
aspect to the radiating l ibs. Casts of the interior and exterior appear 
to be minutely papillose, indicating ])uncta‘ in th<‘ shell. 

Veiitral valve moderately convex, with the apex curved down to the 
margin of the area; area and interior juiknow]). Dorsal valve tlat or 
very slightly concave l)etwecn the umbo and margins; apex slightly 
elevated above the plane of the surface and (‘ardiiial line; a median 
sinus is present in some shells. 

Ohserratloar. — It is a little hazardous to refer this species to Protor- 
this, as only the general form and surface are k]iown. The nearly 
plano-convex valves and surfaee relate it more nearly to Protortlds 
than Plectorthh^ and it does not appear to fall within Leptieua^ 
Rafine^(puaa^ oi’ Strojjhoaiena, The specimens were collected by Mr. 
Von Sehmalensee in a dark, argillaceous shale above the Ceratopyge 
limestone and below the lower graptalite shale. 

Fonnatlon and Imaditif. — Upper Cambriaii. Mossebo, Nuuneberg, 
Vestergotland, Sweden. 

PROTORTHIS QUACOENSIS Matthew. 

Orillia iiuacoensis IMattiikw, Trans. Koy. 8oc. (Canada, III, 1885, p. 43, pi. v, 
rtgs. 20, 20a-c*. 

Orihis'l (juaroaiAa Matthew, Trans. Roy. Soc. Canada, VIII, 1801, p. 131. 

Protorthls ipiacoensta Hall and Clarke, Pal. X. Y., VIII, Pt. 1, p. 232, pi. vii 
A, fig. 21. 

BiWnaarlla qimrumais Sitiixtiekt, Bull. l^. 8. Geol. Sur., Xo. 87, 1807, i>. 150. 

Orhjiwtl drarrijiiintf. — A small species. Suixjuadrate to seinielliptical in outline, 
broader than long, widest near or at the hinge Hue, which is not produced; moder- 
ately convex, highest in the posterior third, flattened toward the front and sides. 
Cmbones not prominent. 

The dorsal valve rises rapidly from the hinge line, and has but a narrow, flattened 
space at the angles. It is about one-third as high as it is long. The hinge plate has 
a narrow area, which is striated lengthwise, and bears two tooth-like processes close 
to the umbo, the ixunt of whkdi is bent down l<» the hinge line. 
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The ventral valve is somewhat more elevated than the dorsal. Hinge area trian* 
gular, sloping backward to the umbo, and bearing fine striae parallel to the hinge 
line. Umbo elevated above the hinge line to a height fully equal to one-third of the 
length of the valve. Foramen [delthyrium] large, truncate-pyramidal in outline. 

Surface of the valves ornamented by about twenty rounded plicae, radiating [in 
the ventral valve] from the edge of the hinge area, opposite the foramen [delthyrium] 
and not from the beak alone; those on the middle fifth of each valve are crowded 
together, those ontsi<le of these are more prominent, and are continuous from the 
umbo; those toward the hinge line are faintly marked and widely separated. The 
radiating plicae do not [or rarely] increase by bifurcation. Both valves bear numer- 
ous concentric striae, and are also marked by a few distinct squamose lines of growth. 

The mold or cast of the interior of the valves of this species is nearly smooth 
or is marked by faint radiating striie; the margin of the mold, however, often 
exhibits a crenulated appearance corresponding to the plicce of the outer surface. 
There is a wide, smooth median depression at the top of the mold of the dorsal valve 
near the umbo. 

Length of the valve in 0. (puicoensis^ 5 mm.; width, 8 mm. 

Ohservatious, — Doctor Matthew very kindly sent me his types of this 
species. A comparison of them with P. hilUngsi shows that the two 
species are quite distinct, and P. (juaamisis is unlike any other shell 
referred to the g'enus. 

As far as seen the free spondjdium of the ventral valve is short; the 
teeth are clearly shown in the cast. The pseudo-cruralium of the dor- 
sal valve is much more clearl}" defined than in P. hiUingsi^ the area is 
higher, and traces of the adductor muscle scars are preserved. 

Format and Middle Cambrian. Paradoxides zone, 

division Ic, Portland and at Porter's Brook, 8t. Martins, New Bruns- 
wick. 

PROTORTHIS SPENCEI, new species. 

This is a strongly marked species despite the fact that only a few 
specimens have been found, and these ai-e flattened in the shale. It is 
distinguished by its rounded, sub<[uadrate outlines and narrow, sharp 
ribs with strong interspaces — six ribs in a distance of 5 mm. at the front 
margin. The area of the ventral valve has a Ijroad delthyrium with 
a concave plate or free spond\dium, covering the greater part of it. 
The interior surface of the shell is finely punctate. A flattened ven- 
tral valve has a length of 17 mm.; width, 18 mm. 

This shell is associated with P, vaates. It difl'ers from it in its 
larger size, sharper ribs, and broader interspaces between the ribs. 

The species is named foi* Mr. R. S. Spence, of iNIontpelier, Idaho, a 
gentleman who made large collections from the Middle Cambrian shales 
of Idaho. 

Formation and> locality. — Middle Cambrian. Argillaceous shales, 
Wasatch Range, near JMontpelier, Idaho. Shaly limestones, 3 miles 
east of Antelope Springs, House Range, Ctah. 

Prov. N. iM. vol. xxviii — 04 
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PROTORTHIS WINGI, new species. 

Gonenil tonn y sulx'Iliptical. Surface mai’ked by about 

20 sharply ridyvcl ribs with interspaces eijiial and usually greater than 
the width of the ril); shell with numiM’ous small and many laroer and 
scattei*ed i)uneta* on tin' inner and outer surfaces. The largest ventral 
valve has a length of 0 mm.; width, 0 mm. 

Ventral valve convex, elevated at the umbo and beak; area high 
and divided midway by a strong delthyriiim which is partial!}" closed 
by a conca\ e free s])ondylium as in J\ teeth strong, dental 

plates extended toward the center to unite and form the free sporn 
dylium. 

Dorsal valve slightly convex, with a l)road median sijius that is 
usually bounded l\v one oi' two largi* ribs; casts of the interior show a 
narrow area, broad delthyi’ium. and the east of a small, broadly trian- 
gular, (devated arini o])posit<‘ the umbo that probably seiwed as the 
cardinal process foi- the atttichiiK'nt of the diduetor muscles. 

Ohsercaf!oihs.—y\\\^ species is most nearly related to Protorfhls 
i)(ndci<: it ditfers. as far as known, in the charactei’ of the interior of 
the dorsal valve, the large punct<e scattenHl among the tine puncta', 
and the sharp i*idged ribs. One cast of an interior of a ventral valve 
appears to indicate that that shell was without the free spoiidyliiuii. 
It not infreipiently occurs in Protoifh!.s that the free spondyl- 

iuin is r(‘diiced to a narrow I'im about (he margin of the delthvrium, 
and it may be that in this shell it was al)S('nt. 

The specitic name is given in memory of Rev. Augustus Wing, who 
did so much excellent work in the vicinity of Swanton, Vermont, 
which was utilized b}- Mr. Billings and Sir William E. Logan. 

Formation and local If ff, Wp|)ei- Cambrian. Dark argillaceous 
shales, about one-half mih'. south of llighgate Falls, Vermont. 

PROTORTHIS, species undetermined. 

Ventral vaK e convex, elevated at the unibo, apex incurved. T'he 
east of the nmbonal cavity (pseudospondylium) indicates well devel- 
opi'd teeth and dental plat(*s. On the east (> radiating j-ibs oceui* in 
the distance of L mm.; area about vertical. Tin* surface of the cast 
indi(‘ates that the interior layer of the shell was finely punctate. 
Length of valve 4.5 mm., width 5.5 mm. 

Only one specimen of a cast of a ventral valve of this shell was 
found. It suggests by its convexity and surface some of the more 
convex forms of Protortlnr <piacocnms. 

Formation and locallt if . — V C^ambrian. Tonto terrane. Thin 
bedded silicc'ous limestone at mouth of Kanab Canyon, Grand Canyon, 
Arizona. 
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LOPERIA, new subgenus of PROTORTHIS. 

This siiboemis is characterized by the form of th<‘ valves. Tla^ ven- 
tral valve is elevated at the umbo and Hat oi* slightly concave from the 
umbo to the mar^dns; the dorsal valve is strongly and regularly convex. 
The description of the type species, Pmf(frthh {Loperln) doH(jaldenP)s^ 
is that of the subgenus and species, as it is tli(‘ only species thus far 
known of the subgenus. 

PROTORTHIS (LOPERIA) DOUGALDENSIS, new species. 

General form rounded sulxpiadrate. Hinge line straight and 
shorter than the greatest width of the shell; cardinal extremities 
obtusely angular. Relative convexity of the valv<‘s reversed, as in 
]>ectineUa of the Ordovician fauna. Surface of the doi'sal 
valves with strong, sinijile, rounded i*ibs that increase by interpola- 
tion; tine concentric striie and lines of growth that sometimes form 
ridges, cross the ribs, curving in the interspaces and over the ribs; 
these ribs are more prominent and numerous (3o to 40) on the dorsal 
than on the ventral valve; on the latter the ribs are broad, with nar- 
row interspaces, and about 20 to 25 in number; casts of the exterior 
and interior surfaces have mimerons fine, thickly set, elevated papilla^ 
that appear as the casts of the puncta' in the layers of the shell; on 
some specimens the papilhe are cylindrical and ch'vated, which indi- 
cates that they penetrated dee]) into the shell substance. All indica- 
tions point to a punctate^ shell; in all the material representing the 
species the shell has been removed Iw solution, onlv the casts of the 
inner and outer surfaces r(‘maining. 

The largest vential valve in the colh'ction has a length of IS mm., 
width 25 mm.; dorsal valve, hnigth 22 mm., width 27 mm. 

Ventral valve elevated at the umbo and gently concave from the 
umbo to the front margin and Hat to the ctirdinal extremities. Aiea 
relativel}^ low and overhanging the hinge line at an angle of about 45'k 
it is divided midway by a broad delthyrium that is more or less closed 
by a deeply concave plate, across which the transverse stri;v of growth 
of the area pass. The concave [date a])pears to be identical in form 
and position with the free spondyliuin of khe genus Protorthi-^, A cast 
of the interior shows very strong teeth and sup])orting dental plates; 
the edges of the dental plates appear to be continuous with the concave 
plate or free s])ondylium. 

Dorsal valve strongly and regularly convex, with a slight tlattening 
of the median line and sometimes a shallow sinus. Casts of the 
interior show a strong area with a triangular delthyrium; the umbonal 
Ctavity is strongly />utlined by th(‘ crural plates so as to form a pseii- 
docrnralium; crura well develo])cd. with clearly defined teeth sockets 
back of them. No traces of a cardinal ])rocess have Ix'cn seen in ten 
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sp(‘fiimMis showing lino oasts of the area, delthyriuni, and miibonal 
oa\ ity. 

Oh.se rrafloih ^. — This Hnc' spec'ies is unique aniono- Cambrian braohi- 
opodsin having a depressed, Hat, or convex ventral valve and stronoly 
convex dorsal valve. In its ])unctate shell, free spondyliinn, and 
absema' of cardinal process, it is allied closely to Proti>rfhis; th(‘ 
depressed ventral valve and convex dorsal valve serve to distinguish 
it as a siil)genus of Proforthix^ which 1 have called Lnperht in recog- 
nition of the etfective work of INIr. 8. Ward Loper, who collected 
the inaterial representing this and niaii}^ other Cambrian fossils in 
Ca])e Breton and New Brunswick. 

Format f on and local it ij . — ^Middle Cambrian. Division 2 — probably 
2b - of ]\latthew's section. Doiigald Brook, tributary to Indian River; 
one- fourth mile from lower bridg(\ Escasonia, Cape Breton, Nova 
Scotia. 

SYNTROPHIA Hall and Clarke. 

Sifiifrojthui Hall and Clarke, Pal. N. Y., VIII, 1892, Pt. 1, p. 270; i<S93, Id. 2, 
]). 216; Thirteenth Ann. I\ei>. State Geol. X. Y., 1895, p. 856. 

Orufmal descripfUm . — Sliell transversely elongate, biconvex, with straight hinge- 
line, whose length nearly equals the greatest diameder of the valves; each valve 
medially divided by an open delthyrinin. External surface smooth, with One con- 
centric lines visible only about the margins; the inner shell-layers show a strongly 
fibrous radiating structure without i)unctation. The pedicle valve bears a more or 
less clearly develo[»e<l median sinus and the brachial valve a broad, indistinct fold. 

On the interior the teeth are very small, lying at the extremities of the delthyrial 
margins and su]>j)orted by dental ])lates, which (‘onverge and unite before reaching 
the hottoin of the valve. Thus is formed a deep but short s})ondyliuni, which is sujv 
porte<l, near its apic'al }M>rtion, by a median septum, but is free for fully one-half its 
length. 

In the bra<‘hial valve there are also two (‘onvergent {dates bounding the deltidial 
cavity, larger and stronger than those of the o{>j)osite valve. These {dates may rest 
iii>on the bottom of the valve and, toward the {lostei'ior extremity, {probably always 
do; but anteriorly they become free, forming a spondylium, which is su{){K)rted by a 
median se{duni extending beyond the anterior edge of the {>late. Thus these two 
valves, which are very similar in exterior, the {pedicle- valve being only slightly the 
more convex and with a low median sinus, are also closely alike on the interior, each 
being furnished with a spondylium. 

Type. — Syntrophiu l'tferali.% Whitfield (s{>. ). 

-^^lessrs. Hall and Clarke referred OrthO harahuenriis 
and Trijde-sia prinKmdiali.s among Cambrian ,sp(‘cies to Syntbrophia 
and of Ordovician species, Trij>h .sia !at( raUr^ Stricl'huHlinia i aretlmm.^ 
N. i arachne timX Camar<Ua eatcifira. 

OrthiiA ? arnanla Billings, of tln^ Lower Ordovician, certainly has a 
(dose resemblance in the spondylium of the' vtmtral valve to this genus, 
and it may represemt a radially striated form, as suggested )>v ^lessrs. 
Hall and Clarke. Of the relations of the' shells ridern'd to Sj/n- 
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trophhj^ to Sfrirl’htndhtfu, tb(\v ronsidt'r that tlie points of strnctme 
may ro])rcsent the structuiH' which is r('prcscntc(l hy tlu' SfrirhlmHli- 
of the later Sihii’ian and Devonian. Mr. Hi Hi nos noted the rela- 
tionship existino- betw^een his (knnarella caldfcnt and SfrlMamU^iiaA^ 
It is probable that S, amrhn^ S. arethnm^ and similar forms should 
be referred to a distinct o'enns. They arc not typical Sirh^dandhtiaK^ 
and they ditfer in surface and shape from ^ijidrophUt laferaUs, 

The Cambidan type of Sijidrophia is S. rofundidus of the Dpper 
Cambrian. It has a spondjdium in each valve supported by a median 
septum, and a short area divided by a large oiien deUhyrium. 

The Middle Cambrian species, fexantR and tapper Cambrian 
species, S. (d)i(ormii< differ from the type species in having the greater 
portion of th(‘ bottom of the spondylium of each valve attached to the 
l)ottom of the valve, no evidence of median septum having been found 
except in a cast of a dorsal valve. S. prunorddaU^ has no median 
septum in the dorsal valve, in this respect resembling the dorsal valve 
of Canuirella rolhi^rthi. There is considerable variation of form in the 
different species, but this is not much greater than the varieties of the 
type species, S. l<d( ral/s. 

The species referred to the genus ma}^ be divided into two groups, 
the plicate and nonplicate. The plicate species begin with S, texamis 
and includes S, (d>nontuH^ S. oru'idali^^ and S, l}dJhujsi^ all of the 
Upper Cambrian. The nonplicate or smooth species are S. ahita^ S, 
rotundata s S. han(bff(?hsis^ and /S. j»d niordial of the Upper Cam- 
brian, and S, Cidnffvn, S. hderalh^ IS. nundhm and allied forms, of 
the Ordovician. 

SYNTROPHIA ABNORMIS, new species. 

Cfunerella calcifera Meek, Sixth Ann. Kept. U. 8. Geol. Sur. Terr., 1873, p. 464. 

The general form varies from transverse to elongate. Valves bicon- 
vex, with dorsal very convex in some specimens. Hinge line straight. 
Surface marked b}^ coneeutric striic and imbricating lines of growth 
crossed by tine, rounded, radiating striic and a variable number of 
rounded ribs; specimens o(‘cur with four ribs in the sinus of the ven- 
tral valve and four on each slope outside the sinus; in other ventral 
valves only a trace of ribs can l)e seen. On the dorsal valve thei’e are 
shells without a sign of ribs, and others with a trace of rib on the 
median fold to three ribs on the fold and traces on the lateral slopes. 
The largest shell has a length of T mm.; width ff mm.; there is great 
variation in the proportion of the length to the width. 

The ventral valve has a broad, strong sinus that depresses the front 
of the valve; area well defined, w ith a large, open delthyrium. Casts 
of the interior of the ventral valve show^ a well-marked spondylium 
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and \ (*rv strong' main ^ as^nlar raniis(‘,N; botli .s|)on(l\ limn and >inuses 
n‘call tlioso of l>ni hujs< /f<f p! i(u(h^H<( . SiH-lions of tin* ^'(‘^tral valve 
cut across tli(‘ mni)u show the spondyliimi attached to the liottom of 
the valv(\ Thi‘ tlahelliform didnctor and adductoi* muscle scars are 
clearlv shown outsid(‘ of the vascular sinuses. 

Dorsal valve with an elevated m(‘dian fold that gives ti strong con- 
vexity to the valve; area low, with a strong, open delthyrium; the 
intei’iorof the valve shows a shallow spondylium attached to the bot- 
tom of the valve posteriorly, and proliahly supported by a low median 
s('ptum toward the front, and well delined anterior and posterior 
adductor muscle scars: narrow main vascular sinuses occur, and slender 
vascidar lines radiate forward from the muscle scars. 

Ohser rat IONS. -This species differs from all allied forms by its vari- 
ation in outline, convexity, I’ibs and internal markings. Some shells 
approach closely to those of S. but each s])ecies has a majority 

of shells that are (juite unlike those of the other. Another point of 
n'semblance is th(‘ form of the spondylium as shown by cross sections. 
A \'ariety of S, ie.nma from Cold Creek Canyon, Texas, has some 
shells that appi'oach those of X. alnionnix in the extravagant develop- 
ment of the fold on the (kirsal valve ;md sinus on the ventral valve, 
but in other rivspects they di tie i’ from it. The form of the spondylium 
and plications or ribs, sugg(*sts tbe genus I *i(nfyfropJnn Hall. 

Formation A/rv/Z/V//. Cpper Cambrian, Head of Deep Creek 
Yellowstone National Park, Wyoming. North of East Gallatin 
River, near Hillsdale, Dry Creek, Gallatin \Alley, Montana. 

SYNTROPHIA ALATA, new species. 

This species is charact(‘rized by its ti*ans verse form and extended 
cardinal angles. Exterior sinhu'c marked by concentric strije and 
lines of growth and inbudor suidace by fine, radiating striae A trans- 
verse section of the ventral valve at the umbo shows the spondvlium 
with a strong median septum suj)porting it. The interior of the ven- 
tral val\ e was marked by two strong main vascular sinuses starting 
from the sid(‘s of th(‘, spondylium. 

Ftnmdio/i (ftni hHUfi Jftf. Cppcu’ Cambrian. Honey C'reek, Burnett 
(V)unty, D'xas. 

SYNTROPHIA BARABUENSIS A. Winchell. 

Orthh Jf((r<(hnetis}}^ A. Winchell, Am. Jonr. Sci., 2d XXXVII, 1864, p. 228. 
ijt’lthnm W iiiTViFAA), Ann. Rep. (tool. Survey Wis(X)iisin, 1877, p. 60. 

[jflfUnid iKtrahnenyi^i Wiirmi:Li>, ( leoloiijy of ^Viseon,shl, IV, 1SS2, p)>. 171, 195, 
pi. i, tiu’s. 6, 7 ; jil. Ill, lii^. 6. 

S(jn(r(}/ihi<( (5.akkk, Riil. Xiav York, VI 11, 1898, Pt. 2, 216. 

Ik.^rnplUnt (/>// J//’. — Sliell of medinni size or smaller, measuring about 

half an inehoi- less than half an inch along the hinge line; form semielliptieal, long- 
est (Jii the hingt‘ and imnv than half as widi* again as long; extremities of the hinge 
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(►ften sn])inmToi»at<^; front of tlu‘ valv('s rounded or emarj^inate in tlio mid- 

dle. Ventral valve the most convex, and niai’ked by a stronur, angular mesial eleva- 
tion, nearly one-fourth as wide on the front of tlu^ valv(‘ as tin* width of the shell; 
area moderately high and nearly in the plane of the valve; cardinal borders very 
gradually sloping from the center to the extremities of the cardinal line. Dorsal 
valve less convex than the opposite, and marked by a siibangnlar mesial <lepression, 
corresponding to the fold of the o])posite valve; ari'a linear, v^iirface of the shell 
apparently smooth, or at hnist s<» far as can lu* deterndne<l from either the internal 
casts or from the matrix. 

1 ha<l some doubt regarding the ]>ositive identity of this si>ecies with that described 
l)y Professor Winchell in consequence of the following remarks which occur in his 
description: “Surface with IB or IS ribs visible on the casts, the strongest of which 
limit the mesial sinus,” and again, “ apparently of the tyi)C of Orihin biforta." In 
examining a number of specimens 1 had not been able to <letect any strke or ril)s, 
and felt somewhat inclined to regard it as a distinct species from that one. I have, 
however, through the kindness of Professor Winchell, been able to make a direct 
comparison with one of his original specimens, and should consider them as identi- 
cal. The specimen sent me has the mesial fold (of the ventral valve) remarkably 
strongly defined by a depressed line on each margin, the center appearing tunial, 
which 1 think is in part due t<> accident. The specimen corresjionds closely with the 
ventral valve we have hgured, except in the strongly delined mesial fold. 

Ohi<ermtfOHS . — This is th(‘ sanio tv])o of Sy ntrophia as prhnord!- 
It ditiers in its more rounded outlines, shallow, rounded sinus 
in ventral valve, and usually a le.ss pronounced fold on the dorsal 
valve. Evidence of a short median septum at the end of a very short 
s])ondyliuin in the dorsal valve is shov ii l)y one cast. 

Fonaation and local it ff. -St. Croix sandstone, north (md of Devils 
Luke near Baraltoo and Trempealeau, AVisconsin. 

SYNTROPHIA BILLINGSI, new species. 

General form transversely suhquadrate; rounded; biconvex, with 
the dorsal valve elevated on the median fold. Surface marked hv a 
few imperfectly developed ribs on some shells, while others have only 
concentric stria* and lines of growth. Ventral valve with a relatively 
shallow median sinus, in which ol)scure, nai*row i*ibs sometimes occur; 
none of the specimens in the collection show the area, but fi'om the 
pi*otile of the valve it must have l)een of moderate height, with the 
rather sharp ap(*x curving slightly ovei* it; a single poor cast of the 
interioi- shows the outline of a spondylium much like that of S, jna- 
inordialls; the evidence of the presence of a median septum is a dark 
line in front of the end of the cast of the spondylium, whi(‘h indicates 
that the shell substance extends down into the limestom* and that it is 
the median septum. Dorsal valve with a small ]unbo and apex that 
extends forward into a prominent median fold that may be ])li(‘ated or 
smooth; one partiallv exfoliated shell shows three plications on the 
fold and three or four on each lateral slope of the valve*. 

Ol}scrcatloni<. — This spc*cies belongs to the ])licate group of the 
g(*nus repr(*sented by V. tc.vana and V. ahnonots, ltditfei-s fi*om A’. 



PIKWEEDINCS OF THE XATIOXAL MVSEVM. 



VOL. XXVIII. 



292 



fexana \n being’ less conv(*x and in lla^'ing a sllall()^yel■ ventral sinus, 
less prominent dorsal fold, and more obseure plications. 

The specilic name is g’iven in memory of Elkana Billings. 

Formation and Upper Cambrian. In lentile of limestone 

iiiterbedded in silicions shales above the Olenelliis shales, 1 mile east 
of Parker's quarry, (ieorgia Township, St. Albans Comity, Vermont. 

SYNTROPHIA NUNDINA, new species. 

Triplesia calclfem Walcott, Mong. V. 8. Geol. Sur., VIII, 1886, p. 75, pi. ii, 
figs. 7, 8. 

The nonplieate, convex species that is found in the Lower Ordo- 
vician of the western United States has usually been referred to 
Camerella or Trij)hFia calcifera. It is much like the latter, but dif- 
fers in being less convex, with apex of valves less pointed and incurved. 

Formation and locality, — Lower Ordovician. Pogonip formation. 
Spur on ridge extending out southwest from Wood Cave; lower east- 
ern slope of ridge, east of Hamburg Ridge, facing Secret Canyon 
road; west side of Goodwin Canyon; base of Pogonip limestone north- 
east of Adams Hill, Eureka District, Nevada. 

Pinkish colored limestone 80 to 75 feet above Algonkian rocks, 
Williams Canyon, above Manitou, Colorado. 

SYNTROPHIA ORIENTALIS, new species. 

This species is closely related in form and surface characters to 
Syntrojjhia texana and some forms of N. ahnormh. It differs from 
them in details of surface ribs. On the dorsal valve there are two oi’ 
three faintly deffned j*adiating ribs on each side of the median fold, 
which has o])scure ribs upon it. Corresponding ribs occur upon the 
mesial depression of the ventral valve and the side slopes adjoining the 
depression. The material representing it is too limited to warrant an 
identitication with aii}^ described species. /S', oriental is is the trans- 
Paciti(‘- representative of S, texana. 

Formation and locality, — Upper Cambrian. Lower part of Chao 
Mi Tien (?) limestone, 2.7 miles southwest of Yen Chuang, Province 
of Shantung, China. Collected by Eliot Blackwelder and Bailey Wil- 
lis of the Carnegie Institution Expedition, 1908. 

Syntrophia^ sp. — Three specimens of a ventral valve, very much like 
that of S, ])rimordialis Whitffeld, occut’ at the same locality as A. 
oriental is, 

SYNTROPHIA PRIMORDIALIS Whitfield. 

Triplesia priniordkd is Vs' niTFiEhi), Ann. Rep. <;eol. Surv., Wisconsin, 1877, p. 51. 
Triplesia primordialis Wiiitpteld, Geology of Wisconsin, IV, 1882, p. 172, pi. x, figs. 

1 , 2 . 

Triplesia primordialis Hall, Pal. New York, VIII, 1892, Pt. 1, p. 271. 

Si/ntrophia prrimordialis Hall and Clarke, Pal. New York, VIII, 1892, Pt. 2, p. 218. 

OrUjinal description . — Shell small, measuring less than half an inch in width; trans- 
versely oval in outline, and (piite ventricose in profile; hinge line straight and about 
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lialf as long as the of tin* slicll l)elo\v; aroa narrow. V<Mitral valve with a 

strongly depressed, rather narrow and rounded mesial sinus, Porsal valve with a 
narrow, sharply elevated fohl imt. extending <piite to tin* beak; si<le of the valve 
rounded. Surfaces smooth in the easts, but presenting tlie appearam^e of having been 
externally striate. Processes in tln^ interior of the <lorsal valve apparently forming 
a small spoon sha}>ed i>it at the beak. 

Ohser rations . — Casts of the interior show th(' form of the spondy- 
lium and supportino* median septum in the ventral valve; also the 
small, short spondylium in the ventral valve, which appears to he 
attached to the bottom of the valve without a median septum. 

This species differs from S. harahvensis in its smaller size, less trans- 
verse outline, and inoie pronounced mesial depression on the ventral 
valve. Examples occui’ of the dorsal valves of the two species that 
are very similar. Some of the shells approach certain forms of S, cal- 
cifera.^ but the larg-er number are less convex and more transverse and 
with more obtuse cardinal anoles. shell closed}^ allied to S. prlmor- 
(lialis, and apparently identicab occurs in the llea^an limestone. Only 
the exterior is knowm. 

Formation and local ity. — Upper Cambrian. St. Croix sandstone, 
Ta}dors Falls, Adams Ck)unty, Wisconsin. Abundantly at Minneiska, 
and more rarely at River Junction, Houston County, and n<‘ar Winona, 
Minnesota. 

Numerous examples of a closely related shell occur in the upper part 
of the Reag'an limestone in the SE. corner, NE. d sec. 2,T. 4 N., R. 
13 W., 15 miles northwest of Fort Sill, Wichita Mountains, Oklahoma 
Territory. 

A single ventral valve of the nonplicate shell wdth a deep sinus 
comes from the Upper Cambrian, Reagan limestone, Indian Territory, 
NW. d sec. 1, T, 2 S., R. 1 E. Specimens of the ventral valve of a 
shell apparently identical with N. pri mordialis occur in the limestone 
passage beds beUveen the Upper Cambrian and Ordovician on the north 
side of Tepee Creek, east side of Big Horn Mountains, Wyoming. 

SYNTROPHIA PRIMORDIALIS ARGIA, new variety. 

This specimen is separated as a variety of S. pm imordialis on account 
of its less convexity and more shallow median sinus which has three 
rudimentary plications in it. 

Formation and loadittj. — Upper Cambrian. St. Croix sandstone, 
Reeds Landing, foot of Lake Pepin, Minnesota. 

SYNTROPHIA ROTUNDATA, new species. 

General form rotund, unequally biconvex; hinge line short. Sur- 
face mai’ked by tine, concentric strite and low, imbricating varices of 
growth. The longest shell observed has a width of 13 mm.; length 
11 mm. Ventral valve convex at the umbo and beak, but depressed 
toward the front by a strong, Inroad, and deep median sinus. Area low. 
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short, and divided iiiiduay hya r<‘lativ(*ly lari'-e trimio-ular deltliyrium. 
Ti‘ansverse sections ol* ihe uiiiho nenr tli(' Ix^ak show the cross section 
of a well deveIo])ed spondyliuni snppoi*t(‘d on a nu'diiiiii septum. Dorsal 
valve about as convex as the ventral on the umbo but the strono*, 
broad median fold makes it more strongly convex anteriorly . Cross 
s<‘ctions at the uml)o show a spondylinm and supporting septum very 
much like that in the ventral ^ alve. 

Ohs^rvatJons. — This s})ccies is taken as the Cambrian type of the 
genus Stjntwj>h!(L It has a spondylinm in each valve supported by 
a m(‘dian septum \u the same manner as in the Ordovician type of the 
genus X lateral Its rotund form, deep ventral sinus, and strong 
dorsal fold sm*ve to distinguish aS. rotinulata from other species of the 
genus. 

Format lou am! locality . — Upper Cambrian. Limestone on Wolf 
Creek, Big Horn iMountains, 14 miles west-southwest of Sheridan, 
Wyoming. 

SYNTROPHIA TEXANA, new species. 

CamereUa sp.? Shumard, Am. Jour. Sci., 2d ser., XX XII, 1861, }>. 221. 

This may be called the plicate sp(‘(*ies of the group of foi ms referred 
to Syot?Y)j)/i/a. It is intimately conneete<l with tlu‘ smooth forms by 
a series of shells that vary from Id ribs on a valve to 1. In foini 
S. texaua is much like S. almormm: also in th(‘ cross section of its 
spondylinm. They ditier in the extravagant development of the pli- 
cations of aV. ahnormix. a feature (‘hai*acteristi(‘ of a large seri(\s of 
specimens. 

aS'. temna occurs in great numbers in one of the upper limestone 
beds of Packsaddle Mountain. 

The average size of the larger shell is, width, s mm., length 
d to 7 mm. 

It is prol)able that this is the shell referred to by Doctor Shumard 
as CamereUa sp . '( lie said of it — 

There are several specimens of small brachiopotl in the Texas State collecfioii from 
the Potsdam sandstone of Morgan’s I’reek, Burnet County, which appear to hehmg 
to the genus CamnrUa recently created hy Mr. E. Billings. Unfortunately, however, 
they consist merely of detached and iniperfe<d valves, too much weathei’ed for satis- 
factory deti'i’inination and descripti<m.^^ 

FormatUm a ml locality. — Upper Cambrian. Packsaddle Mountain, 
Llano (V)unty, Texas. 

SYNTROPHIA TEXANA LAEVIUSCULUS, new variety. 

A variety occurs in Texas w ith few traces of plication in the sinus; 
with one, two or three strong plications on the dorsal fold, or none at 
all; it appi‘oaches aS7 alnwrmls in some of its extriam^ forms where the 

^^The Primordial Zone of Texas, with descriptions of Xew Fossils, American Jour. 
S<-i., 2d .'^er., XXXll, 1801, p. 221. 
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ribs arc large on a })roinincnt mesial fold; in most young shells tin? 
sinus and fold are ineonspieuous, the com exity is very moderate and 
the shell smooth; nearly all the eharaeters of the adult are missing. 

A group of young shells from Honey Creek shows only the smooth, 
slightly convex forms with only slight ventral sinus and dorsal fold. 
One larger shell associated with the young shells has a i*elatively deep 
sinus and a trace of a plication. 

Formation and locality, — Upper Cambrian. Cold Creek Canyon 
and Honey Creek. Burnet County, Texas. 

Genus POLYTOECHTA Hall and Clarke. 

Polytoechia Hall and Clarke, l^al. X. Y., VIII, 1892, Pt. 1, p. 239, pi. vii a, 
tigs. 26-30. 

Original Shell small, siibtrihedral in contour. Hinge line straight, 

about equaling the diameter of the shell. Pedicle [ventral] valve with a high, 
nearly vertical cardinal area marked with oblique striations parallel to the lateral 
margins. Delthyrium covered by a narrow, convex plate; the presence of a foramen 
not <letermined. On the interior the <lental lamell.'e are widely separated and 
descend along the unil^onal cavity for a short distance vertically, thence bending 
sharply inward and meeting at a low angle in the median line, thus forming, with 
the deltidiuin, a consi)icuous snl>rostral vault. This inner spoon-shaped plate, 
spondylium, is supported l)y a stout median se])tum, and two smaller lateral septa, 
which meet at the lines of angulation; the former of these extends for the entire 
length of the })late, while the latter is free from the accessory sejda near its anterior 
edge. The umbonal cavity of the valve is thus divided into five chambers, and in 
the lateral chambers there is still another septum, lower than the rest and not 
extending to the spondylium. The brachial [dorsal] valve is shallow and depressed- 
convex, with a narrow cardinal area. The delthyrium is very broad, with a par- 
tially developed covering, the dental sockets are widely separated, the crural plates 
narrow and nearly parallel to the hinge line. The cardinal i>rocess is simple, linear 
and quite prominent, and at its union with the crural plates is a subtriangular thick- 
ening which is suj)ported by a low median septum. Surface covered with fine, ele- 
vated radiating strke, without evidence of median fold and sinus. 

Type.— Ilemipronites apicalis, Whitfield. 

Ohserratiomi. — This genus is known only in the Lower Ordovician 
strata of Vermont and Montana. The type species is described as 
having a convex deltidium covering the delthyrium of the ventTal valve; 
this character and the additional septa supporting the spondylium and 
cruraliumare the distinguishing characters between it and Syntrojdiia, 
There is still less ditf'erence from CUtamhoniter^ as in the latter the 
Comdex deltidium is present. It is ([uite probable that representatives 
of the genus will be found in the Upper Cambrian formations when 
they are searched more thoroughly. 

POLYTOECHIA ? MONTANENSIS, new species. 

This shell was placed with Camerella calclfera until sections were 
made showing the numerous septa supporting the spondylium and 
cruraliiim. In general form it is close to Syntro)diia rotandata^ dif- 
fering in the numerous supporting septa of the spondylium which 
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<livid(‘ th(‘ uii)])()nul riivity into tine rhainbors. The material availabh' 
I'oi’ ^tiuly does not sliow thi' area in V(M*v ^ood ])reservation ; a delthy- 
riiiin exists in th(‘ area of tlie ventral valv(^ ^vhieli is all that can be said. 

This s})ecies ap])ears to l^e a direct descmidant of the smooth, eonv<‘x 
forms of St/ntroph'l<( like S. rot^nnUda . 

Fonnaiion and loralJtjf , — Lower Ordovician. Limestone east side 
of Gallatin Hivei* above Gallatin City, Montana. 

SWANTONIA, new genus. 

The description of the ty])e species includes that of the genus, as 
there is only one other species now referred to the genus and that is 
very imperfectl}^ known. 

Type. —Camarell a antiqaa^ Billings. 

SWANTONIA ANTIQUATA, Billings. 

OnnereUa ani'iquata Billinijs, Pal, Fohs., I, 1861, j>, 10, 6g. l‘>. 

Uamerella antiquata BiLLiNiis, Geol. \Trmont, II, 1861, ]>. 940, tig. 353. 

Ounnrella antiquata Billings, Geol. Canada, 1863, p. 284, fig. 290. 

Ca nunrl hi antiquata X\klcott, y>n\\, U. S. Geol. Survey, No. 30, 1886, j>. 122, 

pi. VII, fig. 8. 

(Vwiarclla antiqmtta Walcott, Tenth Ann. Pe])t. V. S. Geol. Survey, 1891, 
p. 613, pi. LX Nil, fig. 3. 

U<(marella/ (ndiquata Hall and Clarke, Pal. New York, VI 11, 1893, Pt. 2, 

p, 220. 

ProtorJiyncha antiquata Schi'Ciiert, Bull. U. S. Geol. Survey, 1897, No. 87, 
p. 334. 

Ventral valve ovate, moderately convex : apex pointed and incurved 
over the area nearly to the plane of the margins of the valve; sui'face 
marked by from 8 to 12 or more rounded ribs that extend back well 
toward the apex; a slight tiattening of the median portion suggests 
that a shallow median sinus may be found on old shells. The shell 
illustrated has a length and width of 11 mm. 

A cast of the interior of a ventral valve shows no traces of muscle 
scars or vascular markings ; two strong teeth are indicated, also a 
narrow, sti'ong. concave shelf or area ; the area shelf is free from con- 
tact with the bottom of the valve, a recess or chamber existing 
lieneath it. 

(d}sereations . — The area or shelf may be considered a short, free 
spondylium, corresponding to the short spondylium of CamareUa voJ- 
hoiilu as illustrated bv Hall and Clarke."' It dili'ers fi-om the hitter in 
the absence of a supporting median septum. 

Swantonia is closelv related to CamareUa^ but it ditl'ers in the 
absenc(‘ of a supporting median septum beneath the spondylium of the 
ventral valve. No specimens of the dorsal valve have been observed. 

«Pal. New York, VIII, Pt. 2, pi. i.xii, fig. 18. 
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Fonnation and lonalltij. — Lower C^inibriiin, in sundy .sluiles with 
OhmelhiH thompson! ^ Fatorg! na e 'nnjalata ^ and Ijddtdaa iahradorica. 
One and a half to 2 miles east of Swanton, V<M’mont. 

SWANTONIA WEEKSI, new species. 

This shell has the o-oneral form of Sa^antotna antigaata^ hut the ri))s 
ai‘(^ Hner, more numerous, and crossed by tine, sharp coneeiitric stria\ 
Onl\^ the exterior of the ventral valve ap])ears to be re])resented in the 
collection made by Mr. F. W. Weeks. 

Formation and ^Lower Cambrian. In an argillaceous 

shale with fraijfments of Olenellus, Katorglna et<*. Tliree 

miles north of Volcaldi S])rine*^ or A uiiles northwest of Driidvwater 
mine. Silver Peak Distri(‘t, Nevada. 

OBOLELLA ASIATICA, new species. 

General form broad, oval, with the ventral valve showino- u tend- 
ency to become bluntly acuminate. Valves gently convex. Surface 
of shell marked by concentric, raised lines of growth that form 
the front edge of narrow lamelhe of varying width; the raised lines 
are highest on their front side, which gives an imbricated appearance 
to the surface; tine concentric striae occur on the interspaces between 
the raised lines. Shell strong, calcareous. 

Tlie specimens occur in a compact, bluish-gray oolitic limestone. 
None of them show the area or interior of the valves. Th<‘ reference 
to Obolella is based on the general form and calcareous shell. The 
shells vary in size from *^> mm. to 5 mm. 

Obolella adatl<‘a may be compared with \a)iing shells of O, eras^a. 
Its broadly elliptical form and slight convexitv distinguish it from 
other species of the genus. 

It may be that if matcudal is found sliowing the interior of the valves 
the generic reference will be changed; but with the data now avail- 
able the reference is to Obolella. 

The geological horizon is in some doubt as the sj)C(‘imens were 
found in a block of river di*ift limestone. The associated fragments 
of trilobites are two indetinite for determination. Obolella is a Lower 
Cambrian genus as far as known, and other blocks of river drift lime- 
stone at the same locality contained fragments of Ohnellas^ so the 
refei’ence of the species is made to the Lower (>aml)rian. 

Formation and local it fj. -Lower Cambrian. River drift on the Lan 
Ho River, 1 mile south of Chen Ping llsien. Southern Shensi, China. 

Collection of Bailey Willis and PdiotT. Blackweldm*, Carnegie Insti- 
tution of Washington, expedition to China. 
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ACROTRETA ATTENUATA Meek. 

Arntfreia aUnutata Sixth Ann. KejL U. S. (n*ul. Sur. Terr., 1878, ]>. 403. 

Arrofr<’(<( (jmima WArroTT, Moiiol''. S. (leol. Snr. VIII, 1884, p. 17; Bull. 
V. S. Sur. Xn. 80, 1880, p. 08; Moiiog. V. S. (ieol. Snr., XXXIl, 1890. 
Pt. 2, p. 440. 

Tho s[)eci(‘s is clmracterized l)v its elevated ventral vtilve and narrow, 
ineurved false area. Some of the forms of .1. i<Jah<K‘)fxis alia look 
like .1. (dfrinmia, but the false area is dilferent. .1. kutonjul has a 
somewhat similar false area and elevation, but it is a less i-oltust shell 
and thetipexof the ventral valve is nearer the posterior margin. The 
referema' to .1. (icDnim is explained under the description of the genus. 
A shell with ti distinctly marked false pedicle g-roove in the ventral 
vtdve, occurs in the /A ///////// vVv/.v cVecA c/ zou(‘ of the Middle Cambrian 
of Ctah that shows tine inbu'iorsof ])oth valves. The interiors of the 
ventral valve are much lik(‘ those of ^1. kntor(fui. 

FoniHithnt and land'd if. Middle Cam})rian. Flathead terrane. 
Valiev of East Gallatin River near Hillsdale. North of Gallatin 
River. Base of limestone s(‘ries resting’ on Flathead shales, Beaver 
Cheek. miles jiorth of Yoi’k, Big’ Belt Mountains. Montana. On 
divide at head of Sheep (h’eek near the north end of Teton range, 
Wyoming, South slopes of Marjum Pass, west of divide, House 
range. Ftah. Abov(‘ BaflujitrinaiH frltnleri zone 2^ miles east of 
Antelo})e Springs, House range, Utah. 

I }>per Camlu’ian. In the Hamburg shale, a little south of the 
Haml)urg’ niini'. Eureka district, Nevada. 

ACROTRETA ATTENUATA, variely.? 

A shell with a dislinctly marked false an*a is separated as a vai’ietv 
of .1. id fauna f(t. It is associated with th(' type specimens in the east 
Gallatin Valley. 

ACROTRETA BISECTA Matthew. 

Arvotreta fnifnjl ^Iatthkw? Trmis. Hoy. Soc. (Jaiiada, IX, HS92, ]>. 48, [>1. xii, 
lig. 7<1. 

Arrottrta hiserfa Matthew, I’lill. Nat. tlii^t. Soc. Xew BniuHwiek, IV, 1901, p. 
275, pi. V, figfi. 5a-g; IV, 1902, jd. v, j). 894; pi. xvi, ligs. 2, 2a-g. 

.[rrotrrta sipn Matthew, Hull. Xat. IIi?^t. Sue. X^inv Brunswick, iV, 1902, Pt. 5, 
p. 40(), ])1. xviii, ligs. 1 ami 2. 

Arrutretu xijto Matthew, Ucol. Sur. Panada, Kc]). Cambrian rocks, Ca]>e Breton, 
1908, p, 1S5, pi. win, ligs. 1 and 2. 

Arrohrta f»hrrtn AIatthew, Ceol. Sur. Cana<la, Hep. Cambrian rocks, Cape 
Breton, 1908, p. 1S(>, j>l. \i, tigs. 5a-g. 

N(‘arly all tlu' vmitial valves of this speci(‘s ai'e more or less com- 
])ressed in tlu‘ shale, thus decreasing the true tdevation. Mr. Matthew 
illustrates a pointed, high ventral valv(‘, but does not state whether 
tlu' tigiiri' is diagramatic. Some of tb(‘ casts in the shale indicate a 
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.sharply conical ventral valve. When the apex is broken oft* the east- 
of a median apical callosity is seeiy^vith the base of the cast of a 
medium-sized foraminal tube. ldi>/cardinal sears are small and nearly 
concealed by the cast of the strong- main vascular siuu.ses. There is 
considerable' range of variation in the size and length of the median 
ridge of the dor.snl valve. One spe(‘imen shows a strong median ridge, 
cardinal and central scars, and deeply excavated false deltidiuni. Sur- 
face marked by tine' comu'iiti'ic stria* and lines of growth and veiy tine 
undulating stria*, that give the coneentric striie a fretted appearance 
when examined by a strong lens. 

The most nearly related s]wies appears to be ^1. of the 

Shineton shales. Dr. G. F. Matthew has described a shell as Aewtreta 
that occurs with the Asaphelliis fauna. I am unable to detect any 
speciti(‘ ditferences Ix'tween it and ^1. hiHeda from the same area. 

Fonuafion and Fpper Cambrian. Barrachois Glen, 4 

miles south of Little Bras D'Or Lake, Cape Breton. ]\[r. ^Matthew's 
types came from ]\IcLeod Brook, Cape Breton, Xova Scotia, and he 
also identities it from division C. 8<*., at Xavv Island, St. John Harbor, 
New Brunswick. Mr. S. AVard Loper found many specimens at sev- 
eral horizons in the shah's on both sides of the Barraehois River near 
the Boisdale road and for some distance north, also on the east branch 
of the Barraehois River, Cape Breton, Nova Scotia. On the west 
bank it is associated with A«(phdi w< hont j)hrayi var. as identitied by 
Dr. G. F. ^Matthew. 

ACROTRETA? CANCELLATA, new species. 

Tin* oidy s]>ecimen ol‘ this species in the colh'ction has more the 
form of IphUha than Arminta. In its overhanging false area it sug- 
gests Armthjfra. AVhatevm' the genus may l>e to which it belongs, 
its cancellated surface* serve's to distinguish it from forms to which it 
might otherwise l)e compare'd. This surface is formed by very tine, 
raised, concentric lines e^r ridges of growth, crossed by sharp radiat- 
ing line's which are se'cii only between the concentric lines. 

Format ion <naJ lonttifif. Oi'dovician Pogonip limestone, Round 
Top ^Mountain, Eure'ka District, Nevada. 

ACROTRETA EGGEGRUNDENSIS Wiman. 

Al'oAccUi i(j<j€grtntilr.nAi< Wiman, Bull. Geol. Institute*, Upsahi, Xei. 2, VI, laOo, 
Bt. 1; Stuelieui Xordbiiltische Silurgebiet, p. 55, pi. ii, tigs. 25-29. 

This species is of a charae'teristic Middle Cambidan type of Acro- 
treta, I'epresented in Amei*ica by ^1. idahoem^is and ^1. I'utorgai. The 
surface is marked by unusually strong lines and I’idges of growth and 
the false area is well de'tine'd. It is (piite' di.stinet from other speeies 
of the genus in Euroyx'an formations. 
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Format ion and toad dtj. — Micldl(‘ f Canj]>r‘uu]. Coarse grained, some* 
wlmt friable, glaueonitic sandstone. Drift bowlder No. 3 on Egge* 
griind Island, North Baltic region, Sweden. 

For not(‘ on the geological horizon sc(‘ descri])tion of O. (Westonia) 
hoti nhui. 

ACROTRETA EMMONSI, new species. 

Only tlie interiors of the two valves are known of this species. One 
of them shows the distinct character of the vascular markings and 
muscle scars. The only shell with which it can l>e compared is the 
dorsal valve of Acrotreta. hlalioenrlH. At tirst sight I was inclined to 
refer this shell to Olndrlta^ })ut its corneous test, cardinal muscle scars, 
and abs<mce of area of the Ohofrlla type, prevented. Fragments of 
Otnolhm occur in the laym* of limestone from which the specimens 
were obtained. 

The specific name is given in memory of Dr. Ebenezer Emmons, 
who studied and wrote of the Bald Mountain section. 

Formation and locality .- — Lower Caml>rian. Limestone interbedded 
in shales on upper part of the west slope of Bald Mountain, township 
of Greenwich, Washington County, New York. 



ACROTRETA LIANI, new species. 

Shell small, about 1.5 mm. in diameter; outline of aperature sub- 
circular, the posterior side being sliglitly transverse. Ventral valve 
conical with the apex a little in advanc<‘ of the posterioi* margin; 
false ai-ea indefinite, except for a rather sti*ong, flat furrow that 
extends from the apex to the margin; the elevation of the valve is 
about two-thirds its diameter at its aperature. Dorsal valve sliglitlj’ 
convex, aj)ex marginal. Surface of shell marked by tine, concentric 
strije and lines of growth that on the doi’sal valve tend to form low 
I’idges toward the outer margins. 

Ohser rations. — This species is the representative of the American 
Acrotrrta idahoensls sulcata. It has the same type of false ai*ea, and 
the ventral valve is of average height. The specific name is given in 
recognition of Lian, ]\Ir. Willis's faithful Chinese interpreter. 

For)nat!o)i and locality. Middle Cambrian. Chang Hsia limestone 
in upper oolitic portion, Chang Ilsia. Shantung, China. 

Collections of Mr. Eliot Blackwelder, Carnegie Institution of Wash- 
ington, expedition to China. 

ACROTRETA NEBOENSIS, new species. 

This is one of the Acrotrvta idalnmnsis forms of tli<^ genus. The 
ventral valve is niochu-ately td(n ated, tln^ apex })roj(‘cting slightly over 
th(‘ nearly vertical fals(‘ area. The latter is marked midway by a very 
narrow false ])edich‘ furrow . 
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Tlio tninsv(‘rs(' dorsal valv(‘ lias a stroiio- median depression, wliieh 
stalls on the nmiio and widens out rapidly toward the front. The sur- 
face of the shell is marked hy concentric ridges and lines of o-rowth 
and very tine concentric striae 

This species differs fromotlKU* described forms in the strong median 
depression of th(‘ dorsal valve. 

FormufJon <n}d loraJ ifif. — Middle C^ambrian. Limestone above quart- 
zite, Mount Nebo Canyon. 8 miles southeast of ]\Iona, Utah. 

ACROTRETA NOX, new species. 

This minute shell. I mm. in length, is charact(‘rized by its low ven- 
tral valve, nipple- lik(‘ apex, and appai’ently smooth snrfac(\ 

Foritiation (uul looaUtij. — Upjxn* Cambrian. Argillaceous shales in 
St. Croix sandstone', S miles (‘ast of Haraboo, Wisconsin. 

ACROTRETA PACIFICA, new species. 

Ventral valve a high cone, with the apex a little in advance of the 
posterior margin: base (‘ircular, with the exception of a slight flatten- 
ing on the posterior side: apex acute and })ointing upward; false area 
only a slight flattening of the shell from the apex to the margin. The 
largest ventral valve has a diametei* and height of al)out 1.5 mm. Sur- 
face marked by hue concentric striin that continue without noticeable 
deflection across the false ai’ea. 

Ohserraf!ons. Only two specimens of the ventral valve of this 
species occur in the collection. One of these has a slightly transverse, 
broadly oval base, and a more definite false area. The species is closely 
related to Acroirda hJahornds (dtn^ except tliat the ventral valve is not 
quit(' as elevated. 

Vonnatlon and JifcaJlty. — ^Middle Cambrian. (Tang Ilsia limestone 

at Yen Chuang and 8i miles southwest of Yen Chuang; 8 miles south- 
west of Yen Chuang in limestone nodules at l)ase of green shale phase 
of the Chang llsia oolitic formation; Shantung, China. 

Collections of IMr. Eliot Blackwelder, Carnegie Institution of Wash- 
ington, expedition to China. 

ACROTRETA SHANTUNGENSIS, new species. 

Shell small. Ventral valve a low cone with the apex a little forward 
of the posterior margin, which is slightly flattened; apex minute, 
directed ]>ackwai‘d and projecting slightly over the faintly defined 
false area. The cast of the interior shows that the apical callosity was 
rather hirge and the main vasculai’ sinuses well defined on each side of 
it: the cardinal scais are small and not prominent. 

Doi’sal valve slightly convex; apex marginal; sui’face mai'ked by a 
rather broad sliallow median depression that begins on the umbo and 
gradually widens toward the front margin. The interior of the dorsal 
JVoc. X. 51. vol. xxviii — 04 20 
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valvo hiis ;i strong- im'dian i-idgo extonding from iho posterior margin 
two-thirds tho distance townrd tho front. A small (devatod cardinal 
scar occurs on each side of the median ridge a litth^ in advance of the 
])osterior margin. Main vascular sinuses rather strong; they start 
))eueath the apex and extend forward a short distance from the outer 
lat(‘ral margin of the shell. Siirfac(‘ marked by tine concentric striic 
and rnu\s of growth. 

( }hstrr<(fJotis . — This shell in size and general form is closely related 
to Avmtniu of th(‘ ^Middle (^ambrian fauna of the United 

States. It occurs (piite abundantly in a chocolate-colonal limestone 
asso(‘iated with OhohiH {LJ n(juJeUa) 

Fonuafion ami limallty. — ^Middle Cambrian. Chang Ilsia limestone. 
Yen Chuang and 2^ miles south of Yen Chuang, Sliantiing, (dnna. 

A shell apparently identical with ^1. Funif was collected 
from a line-graiinHl bluish-black limestone river drift block 1 mile 
south of (dien Ping Rsien, on the Lan Ho River. 

( Yllections of Mr. Bailey Willis and Mr. Bliot Blackwelder, Carnegie 
Institution of Mbishington, expedition to China. 

ACROTRETA SPINOSA, new species. 

The general foi-m of this shell is much like that of Acroin ta hlaho- 
cy/.s'/.s'. It ditiers in having a straighter posterior margin. The main 
chai’acter of the spc'cies is the spinos(^ outer surface. The surfai-i^ is 
marked l)y line concentric lines of growth at irregular intervals, with 
numerous, very tine, thread-like striie between. On some shells 
radiating, more or less irregular, line, rounded ridges occur that are 
formed by the ehn^ated elongate spine bases. Mdien these elongate 
bases ari' irregularly ai*ranged, the radiating ridges are not pi-esent. 
Owing to their minute size the spinnh‘s are rarely seen. 

FonaatJoa ifnd hfaiUty. -Upper Cambrian, Hamburgh shale. Ham- 
burgh Ridge; east side of Sierra Canyon op|)osite Pinnacle Peak and 
also opposite the .lackson Mine. Ein-eka District. Nevada. 

ACROTRETA UPLANDENSIS Wiman. 

Acrotreta vplande7isl,s Wimax, t’ull. <7col. Institute, Upsala, 2so. 2, VI, 190;v 
Pt. 1; Stiulien XordVialtiselie Silurgelnet, p. o4, pi. ii. ligs. 15-18. 

This species recalls at once .1. Idahornsis stdeata. It diti'ers from 
it in having a broader false area. The surface is markt'd by tine 
thread-like striie that cross the false area and false pedicle groove. 

Formation and toadity, — Middle \ Cambrian. Gray ])ituminous 
sandstone in drift Imwlder No. 2 on Bilndden Island. Also in glau- 
conitic sandstone, bowlder No. 1, at Hoganas Commune of Borstil, 
Sweden. 
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ACROTRETA UPLANDICA LIMONENSIS Wiman. 

Acrofrt’tn nphuidica linioneih^l.i AVimax, Bull. Geol. T'^psala, Xo. VI, 

190.*), Pt. 1; Studieii Xor(U)altisrlie Siliirgebiet, p. 54, pi. ii, 19-2L\ 

Doctor Winiaii states that this species is quite like .4. uphuHlirn^ 
l)ut lower, as the hepo*lit is only one-third of the diameter. It is so 
(dose in all other respects that I do not think that more than a varietal 
value should he given to the ditierences mentioned. 

Formation and locidlft/. Middle ? Cambrian. Bluish calcaueous 
sandstone. Drift liowlder, Limon Island, (letle Bay, Sweden. 

ACROTHYRA MINOR, new species. 

This species ditiers from others refen*ed to the genus hy its broad 
form and very strong vascular sinuses. The elevated callus between 
the sinuses is high and oval in outline, somewhat like that of Acrotreta 
injtafa. It may lie that this species belongs to a difierent genus, but 
with the material available for study it is referred to Acmilnfra on 
account of its low, ov(M*hanging false area and elongati'. visceral area. 

Fortnation and localify. — ^liddle Cambrian. Two miles southeast 
of ^lalad City, Idaho. 

ACROTHELE (?) MINUTA, new species. 

Shell minute, 1.5 mm. in diameter, subedreadar in outline, gently 
convex, with a slight median depression from the umbo to the anterior 
margin: back of the uml )0 thei*(‘ is a sharp median depression between 
minute ridges, on each of which there are two points or nipples. 
Surface maidved b}- tine concentric striav Substance of shell appar- 
ently phosphatic. 

This interesting little species is represented liv a single specimen. 
The generic reference is somewhat doubtful. 

Format ion. and loadity. Middle Cambrian. CUiang Ilsia limestone. 
Two and one-half miles southwest of Yen Chuang, Shantung, China. 

Collection of Eliot Blackwelder, Carnegie Institution of Mkashing- 
ton. expedition to China. 

ACROTHELE RARUS, new species. 

Of this shell only the interiors of the valves ai*e known. Shells of 
average size are about 3.5 mm. in diameter. The outline of the valve 
is subciiTular, the transvei'se diameter being slightly more than the 
length of the valve. The interior of the ventral valve shows that the 
valve was modei’ately convex with a perforated apex about one-half a 
millimeter from the y)osteri( r margin. A short, broad median ridge 
extends for a shoit distance in front of the foraminal opening and 
short, narrow ridges extend ol)liqueh^ forward from each side of the 
opening. \Vhat may be lateral muscle scars occur (dose to the postero- 
lateral marodns. In the dorsal valve a strono- median ridp*e extends 
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from tlio |)ost(‘rior iimro‘in to th(^ (*rntor of the valve: this rido-e is 
angular at the summit and l)i‘oadest towaixl its aiitcudor end. A vascu- 
lai‘ sinus starts on each side of the l)ase of the median rido*e and 
extmids ol)Ii(jU(‘ly foi*\vai*d. 

The dai’k int(‘rior surface of the valves is marked l)y concentiac lines 
that it'ive a somewhat laminati'd ap]^earanc(^ to the surface. From the 
nianmu* in which tin' sin'll adln'res to the linn'stone matrix, it is pi'oh- 
ahh' that its outer surface is rou.u-liened by raised lines, somewhat as 
on Ad'othdr 

Tin' data for comj^^arison of this species with described sj)ecies from 
Ann'ricaand Europe ar<' too limited to be of value. A comparison with 
ArrntJidr {molxiuftn) (j funntl i(f(i ^ R('(llich, of the Salt Range, India, 
shows a strong- similarity in the interiors of the dorsal valves: but 1 
do not think it is })robabh' that the two forms arc speeitically identical, 
as the interiors of the valves of several species of Avn^tlieh a])])ear 
v('i-y much jilik('. 

Foriii(iti(ni ifnd local !ttj. Aliddle Oambi-ian. Chang Hsia limestone. 
Tln-ee mih's south of Kao Chia Ru, Shantung, China. 

Collected ))y ^li-. Eliot Blackwelder, of the Carnegie Institution of 
AVashington, ('xpedition to China. 

IPHIDELLA, new genus. 

Jphiilra Billin<^s, t'aii. Nat., new ser., VI, 1S72, p. 477, liur. LS, and of Authors. — 
Not Jphhh'a Bayluy, lsn5. 

For synonomy and description of Iphidea = Iphidella, see Proe. U. S. 
Nat. Mus., XIX. ISDT, p. Tu7. 

IPHIDELLA MAJOR, new species. 

Ventral valve subconical, with the apex slightly in front of the 
j)osterior margin. A minute beak appears to incurve over th(' pseu- 
dodeltidium. Cardinal slope rather abruptly rounded so as to indi- 
(*ate a rather narrow area. Pseudodeltidiuni l)i*oad, convex, with its 
lower margin arched so as to leave a space between it and the hinge 
liu(' of the shell. Dorsal valve slig-htly convex, with a narrow area 
and l)i*oad. a})par('utly o]R'u delthvrinm. 

Surface', as far as can l)e determined from the' badly preserved 
material, marked by very tine concentric stime. 

The material re'presenting this species is more or less comj^ressed 
and di^torte'd in the argillace'ous shales in which it occurs. In general 
form it is not unlike that of /. lahradorlra , but it ditiei's in its nearly 
smooth surface' and tlu' position of the a})ex. From /. sujxrha it 
dilVers in its much gre'ater size, although resembling it in the narrow 
and p('i-fectly delim'd area of the ventral valve, and the large, broad, 
convex ])'^eudod('ltidium. 

F<>rno(tJn/i and loralU [f. Lower (7unbi’ian. Argillaceous shales, 4 
miles south of Helena. Shelby County. Alabama. 
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IPHIDELLA NISUS, new species. 

Ventral valve rather low, with the apex overhaiio-ino- tlie }K)sterior 
inaro’in. Surface marked by very fine lines of oTowth with still tiiuM- 
i)ands of stride between them. About 10 very Hne, radiatino- rido’es 
extend from near the t\\wx t(^ the front and lateral margins. 

This little shell is i-epi-es(mted by a single s})ecim(m of the ventral 
valve from the congloimu’ate limestones near Bic. The associated fauna 
included fragments of (>hneUux. 

I was at tirst imdined to ref(‘r this shell to /. or /. pcaU : but 

the overhanging aY>ex and strongly marked siirfac(‘, and the fact that 
there is an interval of s>,0()0 miles between the species, led me to se])a- 
rate them. Stratigraphi(*ally the two latter species 0 (‘cur in the Mi<ldle 
Cambrian and in the Lower Cambrian. 1 think the Uvo forms 

forms should not be included in one species. 

Fo}‘tn(tfJon and IncaJJttf, Lower Cambrian. In a bowlder of the 
limestone, ^ miles west of Ibc Station. Provinca* of Quebec, Canada. 

IPHIDELLA, species undetermined. ^ 

Ipkideay sj). imdet. Walcott, V. S. Geol. Siir., XXXII, 1899, }». 449, pL 

LX, dg. 6. 

Dorsal valve, semicircular, slightly convex. Hinge line somewhat 
shorter than the width of the shell below; ii(*arly straight, the rostral 
angle about ISO . lhadv small, not (‘levated. Surface ornamentation 
consists of extremely line radiating and undulating con(‘entri(‘ strije 
that can be seen in detail only with a strong magnifying glass. Shell 
substance horny. 

This form is associated with /. scu/pf/7/s wnd, judging from ext<M*nal 
characters, is closely related to it. The surface ornamention is of the 
same character, and in the absence of the ventral valve it is ditlicult to 
distinguish any specific characters on which to base a new species, 
although the shell is much larger than that of typical f. sctdptRJs. 

Forfnatlon and loc<difp. — Middle Cambrian. Flathead t<u'rane (low- 
est fossiliferous bed); Crowfoot section, (lallatin range, Y<*llowstone 
National Park. Wyoming. 

IPHIDELLA LABRADORICA ORIENTALIS, new variety. 

Only one dorsal valve of this shell occurs in th<‘ collection. Its gen- 
eral form and surface characters are v<u*v much like those of IjdtidvJla 
l(d)radoriai sicanfnnnnsis. The varietal name is given more on account 
of the fact that this shell occurs in China and th<^ vari<^ty str<nd(nienxl>< 
on the eastern side of the North American continent than from any 
marked ditierences between the shells from the two localities. It may 
be that with a good series of sh{*lls from China ditiVu'cnces would be 
found that are not to be determined with only the single shell for 
compailson. 
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F(n‘in(dion <ni(l looaUfy. ( '}ini])rinn. Cliang Ilsia oolitic 

lim(‘ston(% Yon ('liiiaiiin*, Shaiitimo*, (^liina. 

( V)ll(M‘tioiis of Ml*. Kliot l^)lack\v(‘ldor, Carno^-io Institution of AVash- 
ino’ton, PiXp(‘clition to (.'hina. 

IPHIDELLA LABRADORICA UTAHENSIS, new variety. 

Tlio ovnoral form of this variety is niiicli like tliatof Ijdidh /hf lahra- 
(hn'Uuf. It ditfei's fn)in it in the tine thread-like^ concemtric striie of 
tln‘ outer surface, in this res])ect aiiproachino* /. (dahamaeHsls and 
/. snp< rh<f. 

Fortn<(thm <uhI locuUftf. — Aliddh^ CAiin])rian. Cknicretionary lime- 
stone above (piartzitic sandstone*, Ophii* ( 'it v, Oepiirrh Range, Utah. 

IPHIDELLA PANNULA M ALADENSIS, new variety. 

IPHIDELLA PANNULA OPHIRENSIS, new variety. 

In collections from the Aliddle ('ambrian limestones of northern 
Utah anel southern Idaho, material has been se*lected fe>r illustration 
which represents variety of form and surface markings e)f IphUldla 
jxtmndii that might lie given spee*itic name's were it not for the inter- 
mediate })hase‘s which e>ccnr at the same* locality with tin* varieties. 
The* specimens from near Malad City, Idaho, show a wide vai‘iatie)ii 
in outline and surface. Anolhe*r series from neai* Opliir City, Utah, 
illustrate the* entire* eve)lution e>f the surfae*o, from 

tlie ce)ncentric stria* to the tine network of obliepie*, raised lines 
dividing the' surface into minute, diamond-shaia'd d(‘pressions. In 
some exanii)les the ridges are so sharp and cle'ar that the surface*- has 
a honevcennlelike at)})earance. 

Fen* convenience of reference the species might be subdivided into 
tlu*ee* \ ari(*t ies : 

]'<(ricti/ .1. Surfart* with jM»r(‘-lik(* pits, fornuMl hy o])rKpielv crossing, elevated 
liiu's. 

]^((ricfi/ 1>. — Surfa<‘<* with <devated, sharj) ri<lges that give it an irregular hont*ycomh- 
like ap}»earance. 

Pcr/c/// (\ — Sc.ri’act' forni(‘<l hy i-ais(*<l, ('onceaitrie lines and ridges that inose-nlate 
and heeonie nior<* and inoi-e ii re'gular until a tv])ieal sin-fact^ r(^])i‘eseiited hy variety 
A is develo})ed. 

The Hrst variety. A. is tyi)it*al e>f the s})e*cies. For tlie* se'conel 
variety the name uud<(<lettsf\s is pro})e)sed, and for the third variety 
the term oj>Iui'vnsis, 



Genus KUTORGINA Billings. 

Kntorghia I>iLLrx(;s, Painj)hlet; and tieol. Vermont, II, hShl, }>. h4<S, footnote, 
tigs. .‘>47-o4h; ( teol. Snrv. Canada, Pal. Foss., I, 1S(>5, ]>. 9, ligs. S-10. — David- 
son, Brit. Foss. Brach., HI, 1S71, }>. '.U’2. — Dall, Bull. F. S. Xat. 3Iuseuni, 
VI II, 1S77, ]). 40. — Walcott, Bull. F. S. (leol. Survey, No. .‘10, ISSO, }>. 101. — 
Beei'ulk, Am. Jour. 8ei., Cxi ser., XFl, ISOI, p. 845. — Hall and Clarke, 
Pal. New York, VllI, 1S92, Pt. 1, pp. 90, 10(5, 1S;I; FJeveuth Ann. Ke}>t. 
New York Statt* ( Jeologist, ls04, ]>. Iil7, pi. iv, tig.«. 11-18. 



NO. lo9a. 



<\ 1 MIUIIAX ( AllOPOlU— 11'. 1 LCUTT. 



807 



Ml*. Hillings [)r()})os(Ml th(‘ genius Katoni't in u footnote nceoni- 
])anying tli(‘ (Irsci'ijition of tlu‘ type species l\. cin(fn/at(f. lie says: 

Since the above was written I have (*xamine<l many casts (►!’ the interior of this 
species, and am inclined to the 0}nnion that it is ^eneri(‘ally distinct from OhoJeUa 
rhroinatlca. From the very considerable elevation of- the ))eak the dorsal valve must 
havt‘ an area and j)robal)ly a foramen. In one specimen tlu're are two large oval 
impressions faintly imj>resse<l, ))iit still distiiK'tly visible. There is no trace of the 
lateral scars; and the form, notwithstanding the characters of the surface, conveys 
the idea of an Orthisina. Should, upon further examination, my suspicions turn out 
to be well foundi'd, I shall call the genus Kiftonjiiiay after the celebrated European 
na t n ral i s t , K n t o rga . 

Friuu our pn^sont information of the genus the following diagnosis 
is pi*epared: 

Shells ine([iiivalve, transverse or elongated. Ventral valve convex, 
with apex marginal or incurved over tlie })seudoarea. Cardinal area 
rudimentary, without delthyrium or well-d(*tined pscmdodeltidiuni. 
The latter usually (‘xt(‘iids one-half the distance from the apex to the 
plan<‘ of the posterioi* margins of the valve. Interior of the v<mtral 
valve with well-detitied main vascular sinuses, with a visceral area 
between th(‘ sinus(\s. Dorsal valv(‘ Hat or slightly convex, rising to a 
small, elevatiul umbo; a])ex marginal and usually pointing upwai'd; 
cardinal an^a short, riidimentarv, and without well-detined pseudodel- 
tidiuin. Intei'ior of ventnd valve with median septum between the 
central and j)osterior lateral muscle scars. 

Oh, serrations , — The shoi't cardinal areas of the vah es leavm a bi’oad 
open spa(*e between them for the ]>assage of the ])edicle. The areas 
are nioi'e than the reliected j)osterioi* margins of the valves, as they 
have transverse lim'S of gr(Ovlh and a suggestit)n of a pseudodeltidium. 
These features are mon' rudimentary than in IpludeJJa, Kidorgina 
includes the largcu* calcar(‘ous sludls. and Iphidella the somewhat more 
specialized, smaller, corneous sl](dls. The exterior form of the valves 
of Kntonjina suggest Xisusia fesfinat((„ with which the type species, 
K, ringidaf((, is associatxal in Wrmont and at Hie Harbor, 

The following species ai*(' no\v refern^d to Katorgiiuc 
K. ei}i(ffd<d<( Ibllings, X. jx rmjata Walcott, K. sardi)iiaen^is Wal- 
cott, and K, sp. undet. All the species are from the lower (Vxml)rian 
horizon, with the i)ossible exce})tion of K, sordini aensis. 

Of species heretofore r(d'ei*red to the genus the following disposition 
is made: 

K. hd>radoriea HiUings~/y>/»/cWAo 
K, J(d>radoriea siranfo)}e)^sis~ [phideUa, 

K. latourcnsis ^latthew— Proiorfhis. 

K, ')ni)iuti,ssi)Ha Hall and Fjdfidella scidgHilis, 

!v, paiurda A\’ hite— //>/oVW/u. 

K, prospect e)isis Walcott = Ijdiidelht, 
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riion:i:nisas of 'uik xatiosal mxxfa m. 

A. s(’ul j>f /hs I jfjndi ih( . 

K. M hij( hx '(i< I)\V*Uiht~ IphfibUd. 

K, (rlutiirldi BnniHjseH<(. 

KUTORGINA CINGULATA Billings. 

Oholdlu { Kiifovf / iiia ) <‘ lu(fnlafa Hiij.iNcis, Geol. \\‘rniont, II, l-SIU, p. 94S, jigs. 
o47-M49; Pal. Foss., I, p. S, jigs. S-10. 

( Hmldht (‘ hujnhtta . PiLi.iNais, Ueol. Canada, isii;’,, p. 2S4, lig. 2S7. 

Olxtlrlht / jihiUipFi IIoll, <dnart. Jonr. (7eol. Snc., XXI, lS(i4, }>p. 101, 102, tigs. 
10a, 1). 

Knfo }'(/ iit (( rhtguhtta r>A\’iDsoN, (ieol. iUag., V, ISOS, p. ,‘)12, pi. xvi, fig. 10; 
Brit. Sil. I>raclii(,)poda, 1S71, p. 042, pi. l, lig. 27>. 

Kutorgina ringulntn Walcott, Pull. V . S. (Jcol. Survey, ISSO, p. 102, pi. ix, 
fig. 1. 

Kntorgina riiigf>(aia Pkeciier, Anier. Jour. Sci., Od ser., XLI, 1S91, p. 045. 

Kniorglua r ' wgiil<tta Wal(’utt, T(‘iith Ann. Kept. F. S. Geol. Survey, 1S91, p. 
009, j>l. Lxix, fig. 1. 

IXitorgiiia cJttgnhifa Hall and C'larke, Pal. Xevv York, Vlll, J892, Pt, 1, p. 92, 
figs. 47-49; j)I. iv, figs. 10-17. 

Kntorgina ringnlafa von Toll, AleJn. de FAead. Imp. des Sci. de St. Peters- 
linrg, VIII ser., 1899. I, Beit, zur Kenntniss des Siberischen Cambriuin, p. 
20, pi. I, Og. 2S. 

General form transversely or lono-ituclinally oval; biconvex, with the 
ventral nmch more convex than the dorsal valve. Surface marked by 
concentric lines and i*idg’es of o-rowth and the edoes l)y imbricating* 
lamelhv of g*rowth. Shell substance calcareous and fi})rous. The shell 
is formed of a thin, dark, compact outer layer and a thi(*k, fi}>rous, 
c‘.ilcar(‘ons inner layer. It is possible that the thin outer layer is chi- 
tinons. but it does ]iot appear to be so. The I/Anse au Loup and Bic 
llarboi’ shells average about 15 mm. long* by IT mm. in width. At 
the Swanton locality, in Vei*mont, ventral valves occur 24 min. in 
Indghtand with a width of 30 mm., and one larg*e dorsal valve is 20 
mm. iii leng*th with a width of 30 mm. 

Ventral valve in young’ shells moderately convex, becoming more 
and mor(‘ (*onvex with increase in size and age. In young shells the 
slope from the front margin to the apex is nearly straight, and the 
ap(*x tei’ininates at the posterior edge of the ^'alve above the more or 
h'ss eh‘\aited psendodeltidium. In old shells the curvature from the 
front to the apex is nearly a semicircle, and the apex terminates in 
a ])ointed bi'ak overhanging the pseudodtdtidium. A mesial sinus of 
varying strength oc(‘Ui’s on many shells, and in others it is entirtdy 
al)S(mt. The ])seudo area is concave on tlie outer parts. Toward the 
(•enter it bc^comes slightly fattened or com’^ex and thus forms a very 
rudimentary ps(‘udodeltidinm. It extends beneath the apex at an 
angle of about 45 to the plane of the margins of the valve. The 
centi’al ])oi‘tion of tlu^ pseudo ar<‘a extends about one-half the distance 
from the api^x to the plane of the valve and forms a gentle arch. 

A ])ai’tially exfoliated shell sliows four dark lines radiating forward 
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from tho umbo and two m^ar the .side.s that mav have >som(*tliino* to do 
witli the musele sears or vas(‘ular simise.s. 1 tliou^-ht so in but 

am not sulFieieiitly coidident of it now to state it as s(dtl(Ml conelu- 
sioii. Fine puneta^ ocenr on the inner layer of the slndl; also niinier- 
oils radiating’ lines ai>out one-half a millimeter apart. 

Dorsal valve o'ently (‘onvex in youno' sliells. A\dth inerease in size 
th(‘ iimb(j becomes more elevated and the apex j>oints upward or termi- 
nates at the union of tlu‘ pseudo anai and the upward slope of the shell 
on the umbo. In sonn^ shells thcuv is a tendmicv for tlu' valve to 
become slightly (‘oncavi' in tin* s})ace between tlu‘ margins and the 
(devated umbo. The pseudo area of the valve is narrow and with little 
(‘haracter; on some sladls it slopes Ixmeath th(‘ apex, and on others it 
slopes l)a<*kward, forming a low angle with the surface' of the valve. 
The interior of the dorsal valve show^s a median septum, with two 
central scars, and the' anterior lateral scars. Numerous small vascular 
canals radiate from central concave area toward the flattened anterior 
and lateral half of tin' valve. A cast of the interior shows two vasculai* 
canals radiating forward from near the apex. Kadiating lines occur 
on the interior of the same character as those of the ventral valve. 

Olfserratioihs , — Since writing on this species in issb I have collected 
specimens showing the charact<'r of tin' pseudo areas of the valves, and 
also obtained further information relative to the interior of the dorsal 
valve. The rudimentary or ps<‘udo areas are less advanced in develop- 
ment than those of IphidelJit^ and the muscle scars of the dorsal valve 
are much like those of OholeJIa and Oholns, 

The s])eciinens from Bic Harbor and east of Swanton, Vermont, are 
better than those from the type loc'ality at L'Anse an Loup. Many of 
the Vermont shellsare larger and more fully developed, but specimens 
of the same size as those from J/Anse au Loup and Bic Harbor are 
id('ntical in the characters available for comparison. 

Fonnatioh and lovidtiip -Lower Cami)rian. L'Anse au Loup lime- 
stone with OlenMn^ thonijmmi at L’Anse au Loup, on the noidh shore 
of th(' straits of Belle Isle, Labrador. In bowlders of limestone con- 
taining fragments of Olenellus, in Cambrian conglomerate, at East 
Point, Bic Harbor, Province of Quebec, Canada. The species is 
abundant in lenticular masses of limestone intercalated in argillaceous 
and arenaceous shales carrying OlcueJhfs thonipwidt on the Bullard 
farm, al)Out two miles east of Swanton, Vermont. 

Dr. Eduard von TolQ^ identities and illustrates as Kutorejina eln- 
guh(t(( Billings a dorsal valve that occurs with other forms that may be 
referred to the Lower Caml)rian fauna of the Cambrian of Sil)eria. 

Lor(dHy > — Near the Ts<‘hurskaja Station, on the Lena. 

U. vS. (teol. Survey, No. oO, p. 103. 

Beitmgo zu Kenntiiiss des Siluri.schen Cambrinm, I. de I’Acad. Imp. des 

Sei. de St. Petersbourg, VIII ser., 1890, j>p. 20-27. 
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KUTORGINA PERUGATA, new species. 

(renoi'al form ovnt(‘, ])i(.*oiiV(‘x. Snrfaco marked hy (*one(‘ntri(* Hiuls 
of o’l'ow til and more or less strong* (*oneenlrie eorrugations; the outm' 
surfae(‘ is ornamented by a tine net^^'ork of obliqiK'. depn^ssed lines, 
that leave' minute' rhomhoida I (‘h'vations Ix'twe'en them that look like 
tine' pa})ilhe imdei* a moch'ratedy strono- mao-nitier, and the e*ast of the 
surface has imieh the same' a]ipearanee in a transverse li^'lit. Shell 
suhstanei' (aileareoiis. 

A la rue ventral valve has a h'e.u’th of i-t mm.; width, 10 mm. A 
dorsal \ alv(' 1 1 mm. in h'liu'th has a width of 14 mm. 

The ventral \ alv(‘ is stronu'ly convex in adult shells, with the hio-hi'st 
])oint neai* the iimho or at the' a])('X. Tlu' apex terminates at oi* o\ er- 
hanu’s a rudimentary pse'udo ai'i'a that slopes beneath the shell at an 
ano’le of 4r> to 00 to the plain' of tin' margins of the \'alv(\ The 
])seudo area is concave and about half tin' length of the spa(*e Ix'tween 
tin' a])('X and the ]>lane of tin' valve. Casts of tin' int(‘rior show well- 
(h'liin'd main \as(‘ular sinuses, with tin* outline of the viscei*al aiea 
betw(‘(*n them. 

Tin* dorsal \alve is ti'ansverse, nearly flat in soun* examples, and 
sliu'htly conv(‘x in otln'rs. The surfaci* slope's o-radually from tin* 
maru’ins to lu'ar the umbo. wh(*re the slope incre'ase's and ('xte'inls to 
tin' upward-pointinu* apex. A rudimentary tiseudo area slo]n's liack- 
ward from tin*, a]x'x. In soiin* examples tin* pseudo area appe'ais to 
])(' little more than a In'iidino- over of tin* ])ostei‘ior maro*ins of the sin'll; 
in others it has tin* outline of a slightly convex pseudode'ltidium. 

Ohs< This s[)(‘(‘ies, in its reti(*ulat(‘ surface ornamentation, 

ri'calls junund (t Mickuvtxui In form the 

yemng sln'lls are not unlike KuforgJ na enuj ul<(fa . A large*, imperfect 
\entral valve*, 24, inm. by 24 mm., of this genus, was ceilh'e'ted by Mi', 
rl. K. Clayton from the* t'ambrian limestone e>f the Si her Peak elis- 
trie't. It may beleing to h\ p(ru(j<(f(t^ and it is se> re'ferred for the 
prese'nt. Fre)iu the shales of the Olene'llus zone in Silver Canyon, 
AVhite' ^Mountain range*, a se*ries of (‘oui[>resseel spe*cimens w(*re col 
l(‘e4e*d. Some* e)f these*. she)W a e*oncave pse*ude) are'a e>n the* ventral 
\ahe*, alse) sti'ong undn xascular sinuses. Seiiin* of the shells freim 
the shales neirth e>f Ked Meiuntain have lost all traces of surfae'C char- 
acters, only a faint, smooth im]>ressie)n remaining. 

Fnniudloif (Ut(J locnUiif. — Lowei* Caiulirian. Cale*areous shales 
be*ne*ath Arclneocyathiis linn*stone*, M miles ne)rth of \'alcaeli Spring or 
4 mile's imrthwe'st e>f Drinkwate'r ]\Iine; summit ein road 10 mik*s 
se)uthwe*sl e)f tov ii of Silve'r IVak; also on diviele between Clayton 
anel Fish Cre*ek ^alle*ys, north e>f Ke*el ^Mountain. Silver Peak Pango; 
vSilve'r Pe*ak District. Fsme*raiela County, Nevada. Aliout 1,000 feet 
abeive* eiuartzite'. Silver Canyon, White ^Ie>untain Range, Nevada. 
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KUTORGINA SARDINI AENSIS, new species. 

Knior<j'ma dnnulata Eoknemann, Xova xVcta der KsL Le(jp-( 'ami. iHaitsdi. Acad. 

Naturf., LVJ, 1891, No. 8, p. 440, pi. xix, figs. 22, Lf‘>. 

Lhigula ro}tauJtl Boknemaxn, Nova Acta <ler Ksl. Lcop-Caml. Deutsch. Ai*ad. 

Naturf., LVT, 1891, No. 3, p. 439, pi. xix, tig. 21. 

Tninsverseiv oval, more oi’ less arched, with straight margin whicli 
is a little short(‘r than th(' greatt^st lireadth of the shell. Surface shows 
strong concentric lines of growth. 

Found (juite commonly in the slates with 01< and Metndo,!'- 

ides near Canalgrande, solitary also in sandstone with us 

on Punta Pintau. The specimens in slate are always pressed very 
Hat, and are imperfect: in the sandstone are found impres.sions of the 
outer surface. 

Here belongs perhajis also the shell designated above as LJiujuJa 
rouaidti ( i). 

The specimens of this s])ecies are all more or less flattened in the 
argillaceous shale. It appears to ]>e congeneric with I\ut<n‘<jntu r'm- 
ijulutiu but not specifically identical with it. 

Furmatiim and Jondity . — ^Mkklhd Cambrian shales m^ar Canal- 
gi-ande, and in sandstone on Piinta Pintau, Island of Sardinia. 

KUTORGINA, species undetermined. 

Ventral valve transverse, moderately conv(‘x; length i\ mm., width 
S mm.; pseudo ai’ea short and sloping beneath the apex at an angle of 
about 45^. 

A single cast from a coarse sandstone is all that is known of this 
species. It may be a young shell of Jv. cdnyuiata. but the means of 
comparison do not justify such a reference. 

Formation and load it y,- -Lower Cam))rian sandstone of Soilings 
Mountain, 2 miles east of Natural Bridge, Virginia. 

RUSTELLA, new genus 

All that is known of this genus is the typ(‘ species, Rastelfa rdsnni. 
It appears to be the most pi-ijnitiv(‘ form of ))rachiopod known. 

The generic name is given in memoiw of William P. Rust, of Tren- 
ton Falls, New York, whose collections from the Lower (Jambrian 
strata of Georgia, Vermont, were most extensive and the material the 
finest obtained there. 

RUSTELLA EDSONI, new species. 

General form, sul)circular, luconvex. Ventral valve moderately 
convex, with the apex at the postei’ior margin immediately al)ove a 
low ai(‘h in the postei'ior margin. Surface smooth except for concen- 
tric gi‘owth lines and low ridges that in some shells are (piite promimmt. 
A shallow, broad, rudimentary pedicle groove 0 (*curs beneath tliea|)ex 
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iukI oil ;i sli^'litly tliiltiMicd space adjoining’ tli(‘ posterior margin. Dor- 
sal valv(‘ aliont as eoiivex as the ventral and with th(^ ap<‘X marginal. 
The interior of the vah e shows two I’ounded depn’ssions lieneath the 
iiinho with a slight, narrow groovi' betwiam th(mi; a littl(‘ in advaiu’e 
th(' outlines of the (arntral muscle scars occur; originally strong l)ut 
faintly indicated radiating lines occur toward the front. 

OJ>s< i‘r([fio)is . — Tliis shell was identiti(Hl as the dorsal valve of K}itor~ 
(juui (‘huFdnta ))V ^Ir. 1 killings and myself.''' They were considered 
as distortinl, Hattened shells. Better material shows them to represent 
one of the sim])lest forms of brachiopod known; with the exci'ption of 
th(' rudimentary pedicle furrow and the area then‘ is nothing moi*e 
than the ga})ing valv(‘, a form near to Dr. (Tarles PI B(‘echer's ideal 
Pnicrtnd, 

Th(‘ sp(M*itic name is given in recognition of the excellent work Mr. 
(u^orge Bdson, of St. Albans, Vermont, is doing in collecting the 
Lower l^ileozoic fossils of his region. 

Foniudiim and local itt /. — Swanton shales, justabove Barker'squarry, 
Georgia, associate<l with <>hn<lliix thonii>xoni.^ and also two miles east 
of Swanton, Vermont. 

Genus DICELLOMUS Hall. 

Dlrrllonoui Hall, Twenty-third Ann. Ue]L X. Y. State Cab. Nat. Hist., p. 246. 

Dirrl/omus Hall and Clarke, Pal. New York, YllI, 1SU2, Pt. 1, p. 72. 

J)ireIlomi(x Walcott, ^lon. U. S. (teol. Survey, XXXII, 189U, Pt. 2, p. 44(3. 

Shell small; g(Mieral form ovate to subseniicircular, biconvex, with 
apices marginal. Surface of outer shell tinely punctate in all species 
where* it is })reserved uninjured. Inteu’ior or middle laiiudhe marked 
by radiating striie and minute piuict;e; inner surface tinelv punctate. 
The sh(‘ll is thick in all the species now known, and is built up of a 
thin, outer, scabrous layer, nunieroiis inn<‘r layers or lamelhe, and a 
thin inner layer. Shell substaiice a|)parently calcareo-corneous. 

The interior of the ventral valve shows a short area with a median 
pedicle groove; ari elongate visc(‘i*al area; well-marked main vascular 
sinuses; large, composite scars wdiere tin* posterior muscles, i. e., 
transmedian and anterior laterals, were attached; and a short shelf or 
end)ryo spondylium that ext(mded into the valve from each side of the 
p(‘dicle groove. This plate corresponds to the dental plate in the 
articuiat(‘ ])rachiopods, and it has a thickness at the antero-lat(*ral 
margin tliat suggests a shoi’t tootli. 

The int(*rior of the dorsal valve has a \vel!-detined l)ut veiw narrow^ 
ai’(‘a in one sp<H‘ies. /), jjollfas\ that is hollowa>d out so as to form a 
shallow gre^ove on each side, apparcmtly foi* the reception of the short 
tooth of th(* v(*ntral \*alv(v No good posterior margins of the valve 

Fos., 1, p. 9. 

^Henih Aim. Uei>t. P. S. (Ivol. Survey, p. (309, jd. lxix, figs. 1, la-h. 
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could be found of the otiuu* specie's of the i^enus. The composite' scar 
is laroe, and in e)ue shell it is subdivided into three' small se*ai’s that 
were the points of attaelmie'iit e>f the transmedian, outside, and middle 
laterals. The central and anterior lateral scars are arrane-ed as in 
OJ)oh(x\ the centrals are lai’^e and le)cate'd on the sides e)f the viseeral 
area: the anterior laterals are small and bleated at the arterial end of 
the visceral cavity. 

Oheeri^atiorts, reb'rrino’ to DicrUrnu ns^ in ISHI), I said:" 

When ])roposint; that the i^enns Dieellomus include Oh<fU‘U<t jfoIHa, Professor Hall 
state<l that the grooving or emargiimtion of the apicr^s of hoth valves and the 
thickening of the edges of the shell on each side below the apex, together with the 
form and character of the muscular impressions, wouM separate the s}>ecies from 
Oholella. Again in 18n2 ^Messrs. Hall and Clarke* gave a fuller description of 
DiccII(i)nas but owing to the }>oor character of the material they <lid not feel 

contident that it should lx* recognized as generically elistinct from OhoIfUa t‘}tromaiic<(. 
^Material now in the collections of the (ieological Survey clearly shows that Professor 
Hall’s provisional conclusion was correct, and that poUtna is genericaliy 

elistinct from Oholciht rhrornaiica. 

The presence of the large, composite, cardinal nuisc'le scars in each 
valvt' suo-o'ests that a search be made for a foraminal openino*. as in 
Ohoh.luf. Ll)ni(f)\'<soheIh(. and Acrotrct(f. Xo trace has been found 
externally, and the interior of the ventral valve does not show evi- 
dence of it. />/cc//6»>/o/.v tip[>ears to include characteristics of Oho! us 
and OhoIeJla^ and on tlu' preseiu'e of the incipient dental plates, teeth, 
and dental grooves an articulate shell is suggested. In Jlvel'ina prhim 
a step further is taken in the development of the spondyliuni and in 
the approach toward articulating brachiopods. 

The stratigraphic* range of DJctUohi hs i.'^ from the ^liddle Cambrian 
to the latter part of the Cpper Cambrian. Its geographic distribu- 
tion includes the Appalachian area in Tennessee' and Alabama, the 
Mississippi basin from Wisconsin and ^linnesota on the north to 
Oklahoma on the south and South Dokota. Montana, and Utah on 
the west. The Arizona locality appears to be an extension to the 
southwest of the upper Mississippi Valley species, />. 2 )oJit(i.s, The 
only form from Europe is suggested b}" the unidentilied shell from the 
l\(r(uI(yxuJts foreJihanitri zone of Anduarum, Sweden. 

The species now refei’red to the genus are: 

Dicelhm^vs a]>])(daehni^ ^liddle Cambrian. 

T), parvus^ Middle Cambrian. 

I), pi Cttiuddcs, Middle Cambrian. 

1). ])olitus^ Middle Cambrian. 

D, species undetermined, Middle Cambrian. 

D, Upper Cambrian. 

<'01on. r. S. (4nol. Smwey, XXXII, bt. 2, ISaO, p. 446. 

^Twenty-third Ann. Kept. Xew Ynrk State Cab. Xat. Hist., p. 246. 

cFi\h Xew York, YIII, Ft. 1, p. 72, 
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DICELLOMUS APPALACHIA, new species. 

This shell l) 5 is been identitied with />. poUfu-^ in the pi’eliiiiinaiy 
studies of tli(‘ o’emis Dieidloiiuis. 1 find that while it has the same 
type of shell stmctiir(' and i^-eneral form, it ditfers in being- h'ss elon- 
gate proportionally, and in the details of the form and positions of the 
iniiselc scars and vascular markings of the interior of the valve; it 
ditfers in the lattei* r('sp<‘ct from I), nanus, Th(‘ outer thin layer has 
a dull, slightly roughened surface that is minutely puiKdate. When 
the outer layer is exfoliated the surface of the layer beneath is highly 
polished and marked by exceedingly tine radiating striae and concen- 
tric stria and liiu's of growth. The interior of the dorsal valve shows 
the largei* central muscle scars with the minute antero-lateral scars 
almost in (*ontact with them. A composite scar shows the separate 
points of attachnnmt of the transmedian, oiitsid(‘, and middle latei*al 
s(‘ars. The variation in the length of the visceral cavity of the dorsal 
valve is veiy gretit. 

This species occurs in great al)undance in l)oth limestones and shales. 
It is th(^ i-('presentative of the widely distributed J), j>o]!tus of the 
int(M-ior of the contiiient. ' 

Formation and ^Middle Cambidan. Limestones beneath 

the upp(u* shah‘ of the Cambrian section at many localities in detf'erson 
and Hawkins counties; limestone layers in Conasaiiga shale, 2 miles 
.south of Ck>al Creek, Anderson County; in shale on road from Kogers- 
vilh‘ to Dodson Ford; limestone at Bull Kun, Copper Ividge, 11 miles 
northw('st of Knoxville, southwest of Maynardsville. and 5 miles 
southeast of ( treenville, Tiuinessee. 

Coosa shale, Cowan Creek and Cedar Blutf, Cherokee County, Miir- 
phees Abdley, and Blountsville Valley, Alabama. 

DICELLOMUS NANUS Meek and Hayden. 

Ohifirlln ) t(mn ^Ieek and Hayden, Proc*. Aoad. Nat. Sri. Philadelphia, 2d ser., 
V, 1 SI 51 , p. 4;>5. — Billings, Pal. Fo.ss., 1, 1.S62, p. 67. — Hayden, Am. Jour. 
Sri., 2d ser., XXX HI, 18(H, p. 74. — Meek and Hayden, Pal. Tapper 3Iis- 
.sonri, Pt. 1, 1864, p. 4, jJ. i, tig.<. ?> a - d . — Whitfield, U. S. Geog. and Geol. 
Snrv. Ptorky Mountain Region, 1880, i». 840, \)\. ii, figs. 14—17. — Hall and 
Clarke, Pal. New York, VI H, 1892, Pt. 1, p. 60. 

Dicrlloinns unntii ^ Walcott, 3Ion. C. S. Geol. Survey, XXXII, 1899, p. 447, pi. 
LX, figs 8, 8u-d. 

The principal charactei*s of this species arc the same as Dicel/omu-^ 
fuFtins. The two forms ditfer exteriorly in /A nan}is being more con- 
vex on the umbones and less elongate. The interior of the ventral 
\ al\ e shows a less elongate visceral area, a relatively larger composite 
mus(*le scar. The interioi* of the dorsal valve of D. nm^ns has a much 
larger composite muscle scar, a broader visceral area with the central 
muscle scar farther from the median line. 
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One of the types of D. is the int('rior of a ventral on 

which there is a su))triano’ular depression tliat ap]>eai‘s to hav(‘ Ixani 
the path of advance of the area, on each side of the median spac(\ in 
whi(‘li th(' central muscle, middle, and outside lateral imisch‘s were 
attached. Another slndl from the Bio- Horn Mountains shows some- 
thino’ of the same chai'acter. 

The area of the vcnitral valv(‘ is short, and divided midway ]>y a 
shallow p(‘dicle furro^^ : area of dorsal valve unknown. 

The exterior of the shell appears to h(' smooth ai]d slio-htl}' })olish(Hl, 
except for tine concentric striiv and lines of o-rowth and what appcair 
to be scattered piincta*. 

Th(‘ averao’e size of the adult shells is from o mm. to d mm., the 
haigth and width iisiially being neai’ly the same. 

The exact horizon of the type s})eciinens is indviiown. Thev occur 
in a somewhat friabhy [)urplish sandstone, unlike any l^eds of the 
]Middl(‘ Caud)rian Deadwood sandstom^ that I met v ith. The s})eei- 
mens from the limestones of the Big Horn Mountains, (dc., ai)})('ar 
to Ijelong to the Hppper C^imbrian terrane. 

Fortmdtoh and local it ij , — Upper Cain])i‘ian. ^>haly sandstoin^, l>lack 
Hills, North Dakota. Limestoin' above shales, about 10 miles south- 
southeast of Bald ^Mountain, Big Horn Mountains; Gallatin limestone. 
Crowfoot section, Gallatin Range, Yellov stone National Park, Wyo- 
ming. Limestone of the Little Rocky ^Mountains, wc^st side of Dry 
Ch-eek, below Pass Cr(H‘k, Gallatin Valley. 

Two specimens of a shtdl apj)arently identical with /A nan as w cvo, 
broken fi'om a diamond drill core, taktm from a tin(‘ sandstone l^o feet 
above the La Motte sandstone. St. Frau(‘ois (\)unty, Missouri. 



DICELLOMUS PARVUS, new species. 

Gencu’al form o^ ate. with the ventral valve" subacuminate and dorsal 
valve l)road oval to subcircular. \bdv(vs moderately convex. Surface" 
of outer sliell dark and polish("d; it is marked, when ne)t abi‘ad("d, by 
tine, edearly cletine"el, e'oncentrie* stria" anel occasional lines of gre)wth. 
The largest ventral valve has a length of mm. and a width of 

mm. The" shell is strong but iu)t thick. Shell substance api)are"ntly 
ca lea reo- corneous. 

Ventral valve uniformly e‘onvex, except that the slopes toward the 
eairdinal margins are more abrupt than elsewhere; apex appears to be 
marginal. Tin" interior of the valve shows a short, low, median ridg(" 
in the centei’ of the visceral cavity: on each side, and a little in fi-ont 
of the end of the median ridge are the trapezoidal areas for tin" attaidi- 
ment of muscle scars; rather small, composite cardinal miisGe <cars 
occur close to the cardinal margins. 

Dorsal valve somewhat less convex than the ventral: apex nmrginal. 
The interior of the valve sho\vs well defined composite (*ardinal muscle 
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scars, a narrow iiaalian s(‘j)tiini, ami faintly iin])rosscd main \'ascnlar 
sinus that curv(\s out ward and foi'ward at about one-tliii’d the distance 
from th(M)ut(U’ maro‘in to tlu‘ median septum; th(‘ c(mtral muscle scars 
ai'(‘ small and situated back of the center of the valve on (‘ach side of a 
low imalian s^v(‘llin^• on which the median set)tum oocurs; the position 
of th(‘ ant('rioi lateral musch‘ scars is indicated at the end of the median 
si'ptiuii a little in advan(*e of the center of the valve. 

rrafinns , — This minute shell has the o'eneric characters of 
lounix l)ut it diti'ers specifically in niinut(esize and tlu' ])ositions 

of th(‘ musch' scars in th(‘ doi’sal valve. 

ForuHitnui i(m1 JiHudUy . — ^Middle C-ambrian. C1ian<>’ Ilsia limestone. 
Two and on(‘-half mih's southwest of Yen Chuano% Shantimi^-, ('hina. 

Also from a rivm* di-ift block one mile south of Chen Pin^’ Ilsien.on 
th(^, Lan Ho River, southern Shensi. 

Collections of Bailey Willis and Eliot T. Blackwelder, Carneo-ie 
Institution Exj^edition to China. 

DICELLOMUS PECTENOIDES Whitfield. 

Oha/n.'< iH'OnioifJf's WiiiTPiEU), Ludlow’s Itept. Itccoimuissance lihick Hills of 
Hakotii, ls7o, p. lOd), fivs. I, 8. 

(Jhuhis/ pccttntnhU'ii Whitfield. (4oo1. and (teoir. Surv. Koeky ^fountain region, 
P<iwell, ISSO, p. 82S, pi. II, IS, PJ. 

f>hnlella ju'ctnio'nf* s Sctu ciiekt, Itull. L. S. Siirvoy, No. S7, 1S97, ]). 875. 

This is th(‘ laro-est shell of the several species of the o-emis. A 
vimtral valv<‘ b mm. lono- has a width of 11 mm. All that is known of 
th(‘ structure of tin* shell indicates that it was like I). This 

sp(‘cies (litters fi’om all the other species by the anterior position of 
the central musch' s(*ars of the dorsal valve, and its larger size. 

Fonnufion n nd i n<ud 'd y . — Middh‘ Cambi’ian, Di'aclwood sandstone, 
(Ysth‘ County, on Avest side of the Black Hills; also at DeadAvood, in 
the cliffs on the east side of the valley. South Hakota. 

DICELLOMUS POLITUS Hall. 

(ij)poruias Owen (not Eichwakl), (leol. Snrv. Wisconsin, Iowa, and 
Alinncsota, 1S52, }>1. i u, li<rs. 11, 15, 80. 

L'nujiiia / jtolifd Hall, Ann. Kept. He(>L Surv. Wisconsin, ISOl, j>. 24; (leol. 
Kept, \\dsconsin, I, 1S08, ]>p. 81, 485. 

Ol>n!dht / j)n/)td Hall, Sixteenth Ann. Kept. Nt‘w York State ('^ah. Nat. Hist., 
1SH8, p. 18>8, pi. VI, hijs. 17-81; Trans. Alliany Institute, V, 1807, p. 118. 

Liti(jnl<)tis jnuiitd 51eek and Hayden, Sinitlisonian Contrb. to Know!., XIV, 
1S04, No. 178, p. 8, ]»]. 1. lii»;. 8. 

I)i('('//nnni.^ politn Hall, Twenty-tliinl Ann. Ke])t. New York State Cal). Nat. 
Hist., 1S73, p. 840. 

OJfulcila polita Whitfield, Heol. an<l < ieug. Surv. Rocky Mountain Legion, 1880, 
]). 8>:’>0, ]>1. II, figs. 12, 18. 

Ohole/ld p<j/lt(( Walcott, Bull. V. S. Heol. Survey No. 80, 1880, p. 111. 
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Oholcfla Hall aii«l Clarke, Pal. New York, VIII, 1893, Pt. 1, ]>]>. 72,73, 

|)1. II, 37-41. 

DiceUomux politus Walcott, ]Moii. V. S. (tcoL Survey, XXXII, 1899, Pt. 2, 
p. 443, ]>1. LX, 4, 4a. 

General form ovat(\ with the ventral valve suhacuininate; biconvex, 
the ventral valve usuallly more convex than the dorsal. Surface 
smooth as tlu^ specimens nsnally oc<*nr, l>ut a few examples show that 
thei'e is a thin outer layer covered with tim‘. papilhe and piinctie that 
app(‘ar to be placed on very tine, more or less inosculating^ ridges. 
Concentrii* lines of growth of varying strength show on the outer sur- 
face, also on th(^ various inner layers or lamelhe. When the outer 
layiM' is (‘xfoliat(‘d or worn ott' by attrition of the sand, the sui‘fac(‘ of 
the inner layer is marked l)v radiating stida' and concentric lines of 
growth that ai e a marked featuri^ of the species. The radiating stime 
may lie uniform in size, or with from 4 to h very tine stri;e between 
two stronger elevated sti’iiv. Inner surfaci* smooth to the eyc‘, ))ut a 
strong lens shows that it is tiindy punctate, with exceed ingl^^ tine, 
irregular, i-aised lines all over the sm-face. The intermediate la^^er 
is more coarsely and in-egularly punctate. 

The sludl is thick and is built up of a thin, scabrous, outer layer, a 
middle layer made up of several highly polished lamelhe, and a thin 
inner layer. The numerous inner lamelhe are oblique to the outer 
sui’face over much of the shell, and thus give it thickness. Shell 
substance calcareo-corneous. The usual size of the Wisconsin shells 
is about () mm. long, width 5 mm., for ventral valve, and same width 
and length for dorsal valve. Spc'cimens from the Black Hills average 
a tritle larger than those from Wisconsin. 

Ventral valve with a unifoi-m convexity over the central portions, 
from which the surface slopes gently to the margins. Apex nearly, 
if not (juite, marginal. Vasts of the interioi- indicate a short cardinal 
area that extends out on the cardinal margins of the shell, and that 
appears to merge into th(^ margins. On each sidi" of the pedicle fur- 
row a thin plate or shelf extimded into tlie valve on the plane of the 
margins of the shell. Some of the casts indicate that tli(\se ])lates liad 
a projecting lioss or tooth that articulati^d in a rude manner with the 
(hq)ressions on the posterior, tiattened, innei* margin of the doi’sal 
valv(‘. If this interpretation is correct, the teidh and plates corre- 
spond to the teeth and d(mtal plates of the articulate Iwachiopods, and 
the plates mark the beginning of a spondvlium. The posterior mus- 
cles, transmedian and anterior laterals were undoubtedly attached 
within the an‘a of the composite scar. T1 k‘ visceral area and poste- 
rioi* ])ortions of th(‘ main vascular sinuses are well outlined, l)ut no 
muscle scars oi* details of the vascular system have 1>een preserved in 
the niaterial studied. 

Dorsal valve most convex Iiack of the center. Apex marginal. The 
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int(M'ior of the valve .shows shallow (lc‘pressions in the Ihittened pos- 
terior maro-in that su^i;‘gest dental cavities for the recc])tion of the den- 
tal ])rojections of the vanitral valve. The composite mii.scle scar prob- 
ably fornnal the point of attachment of the posterior muscles, trans- 
iiH'diam outside, and middle laterals. The central muscle scars are 
shown a little back of the center of the valve, where a low median 
ridgo Infurcates. In some shells a sharp median septum is shown; also 
narrow main ^'as(‘ular sinuses. 

Ohsrrrafioih^. -The specimens of this shell from AVisconsin, Minne- 
sota, and North Dakota oc(‘ur in tine-o-niined, more or less friable 
.sandston(‘; those from ^Montana in a compact limestone in the Gallatin 
Valhw and a siliceous shale at Helena. The reference of the speci- 
nnms from Helena is rather doubtful, as tlie shells are compressed and 
distoi’ted. 

Tin' beds in which the sj>ecimens are found at Taylors Falls, ]\linne- 
sota, are said to be U])p(‘r C^imbrian. If this is correct D. poUtus 
ranges from tin' Middic' to the Hj)per Cambrian. Shells agreeing’ with 
D. in all points available for comparison occur in tlie basal, 

]>robably Middle Cambrian, sandstone beneath the o-reat limestone 
series of Arizona. The material is abundant aiid preserved verv much 
in tin' sann' condition as that from the Deadwood .sandstone of the 
Black Hills of South Dakota. 

In the sandstones at the base of the jMiddle Cambrian Reagan forma- 
tion a tew shells w^ere found that appear to be identical with J). 

TIk'V have the elongate form of that spc'cies, Avliich is unknown in any 
other spi'cies of the genus. 

In the collections made by the fortieth parallel survey there are 
specimens so closely resembling />. poJitu^ that they are identified as 
such, although the dorsal valve is rathei- transverse. 

[)Hrlhnn ai< polJtns differs from /A minns and I), j >t ctc7io id 
niori' elongate; also in the details of the interior markings of the valves. 
From I), apjxdacldia it difiers in interior markings and, as specimens 
average, in being more elongate. 

Fonnidioii and loadity, — Middle Cambrian. St. Croix sandstone, 
middle beds of th(' .sandstone, at Fan Claire, Wisconsin. Deadwood 
.sandstone, b miles west of (\ister City; head of Red Water Canyon 
and si'veral othei* localities in the Deadwood standstone of the Black 
Hills, South Dakota, (hdlatin limestone, in^ar Gallatin, and also in 
Silurian sliales with (Fohis {LI nyuldia) htdemi and O. ( Wcsto'rla) ella^ 
on th(' southern slope of Mount Helena at Helena, Montana. Basal 
.sandstone. Ash Cn'ck, Pinal County, Arizona. Basal sandstone of the 
Reagan formation, Wichita ^lountains, 11 miles northwest of Fort 
Sill in the SW. f IT, T. 4 N., R. PJ W., Oklahoma Territory. 

FtJper ( D t^inibi'ian. tapper Ix'ds of St. Croix sandstone at Taylors 
Falls, ^Minnesota. 
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DICELLOMUS, species undetermined. 

A single specimen of u vimtral valv(‘ \ erv much lik(' tlmt of DnrJ- 
loinux (tpixd<ichl(( occurs with material from tlu^ ParadnxUlex 
h(Wi(vi zone at Anclrarum. A series of specimens would probably 
})rove that it is tlie repr('sentati\ e of an uiuh'scribecl spi'cies. 

Formatfoii aiul -ANliddle Cambrian. Andrarum, Sweden. 

CURTICIA, new genus. 

The description of the type species, Curt Ida ettya at ala. includes all 
that is known of this o’enus. 

Th(‘ o*(meric name is o*iveu in recooaiition of the excelhmt work of 
Dr. CV)oper Curtice, of ^loravia, New York, both as a held collector 
and laboratory assistant for se^'eral years. 

CURTICIA ELEGANTULA, new species. 

C(meral form, subcircular, biconvex. Suriace of exterioi- of shell 
marked by tine concentric, sli<>Ttly undulating’ sti’ije, and lines and 
varices of growth. When the thin, exterior layer is exfoliated, the 
inner layers are ornanumted by numerous line, radiating’ lines, vei*}" 
much as in Dicelloinus and Obolus, also inor<' or less ind)ricatinu* con- 
centric lines. The inner surface shows radiatino- and concentric lines 
without the visceral area. Shell substance corm‘ous and probably cal- 
careous. The shell is built up of a thin, outer surface lav(U’ and sev- 
eral inner layers or huuelhe. sli<»’htly oblicpu^ to tln^ outer surface on 
the umbo and central ])arts of the ^'aIves. The lamelhe are more 
oblique and mimei'ous toward th(‘ front and sides, and thus thicken the 
shell over those parts. The av('ra^’e ventral valv(‘ has a lenoth of 
5 mm., width 6 mm.; dorsal valve, o mm. by 5 mm. 

Ventral valve strongly convex, most eli‘vated at the umbo, and 
arching’ over to a minute, slightly incurved apex; area rudinumtary, 
with a high, triangular, open delthyrium occupying most of it. A 
cast of the interior of the ^’alve shows that a narrow elevated ridge 
occurs just in advance of the apex. 

Dorsal \ alve eveidy (‘onvex, apex marginal. The interior shows a 
median ridge and septum, with small rounded depn\ssions beneath the 
umbo on each side of the median ridge and a little in advance of the 
apex. Ventral muscle scars small and clearly defined. Anterior lat- 
eral scars small, and situated in advance of the central scars close to 
the median ridge and at its anterior extremity. iNIain vascular sinuses 
broad and slightly" defined. 

Ohxerratloax. — This shell was iJlcellom ax poUtax, In exter- 

nal form it resembles it, but the open delthyrium of the ventral valve 
and the absence of area on dorsal valve distinguish it. It a})pears 
to be a form intermediate in development between liuxtdla\in(\. Died- 
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ioj/nfs. \{ occurs in lai-o-(> niimlH'rs {iml is ji verv strikino* ol)j(‘ct. with 
its (lai'k* smooth sln^ll in tin* ])uti’-o’]‘ay sandstone. 

VorunifJoH (tuil lonfUtj/. rpp(U’ Canihrian. St. Croix sandstone, 
Taylors Falls, .Minnesota. 

QUEBECIA, new genus. 

The (h'scription of th(‘ speei(‘s includes that of thc‘ o'enns as there is 
only one species now known. 

Tff i>< . — ( ^holvU (( c//‘cr Ihllino's. 

QUEBECIA CIRCE Billings. 

Oholtiht rinr l>iLLiN(is, (-anadian Nat., ii. ser., VI, lS71i, p. 219; Am. Jour. 
Sci., ;-)(l ser.. Ill, 1S72, ]>. 2o7. — Waia’ott, Bull. T. S. (Jcnl. Survtw No. 
MO, lss(i, p. US, ])1. lig. oii; Tentli Aim. Ue}>t. V. S. (tool. Survey, 1891, 
p. (ill, ]>]. Lxxi, lig. oa. 

CeiKM’al form l)road o\^ate, with front and sides unifoi'inly i*ounded; 
plano(*on vex. Surface mai'ked liy tine (‘onceiitric stria' of growth. 
A vimtral ^ alve 8.5 mm. in leiioAh has a width of 4.5 mm. A dorsal 
valve 4.5 mm. in leno'th has the same width; a larg’er dorsal valve, 
11 mm. in length, has a width of 10.5 mm. Shell rather thick, and 
coinposi'd of eahdte in its ])resent condition. 

The ventral valve has an elevated uiidio tenninating in a sharp, 
upward j^ointing apex that may h(‘ perfoi’ate: from th(‘ nm})o the sur- 
face', in young shells, slopes so rapidly that the central and outer poi'- 
tionsofth(‘ siiell are nearly flat, l)ut in older shells mod(*rately convex; 
area siiort and dividend midway liy a redative'ly broad delthyrium that 
is nearly c‘overed by a convex deltidium; the inner surface is marked 
))V fine, ('h'.vated, ratlKu* wieh'ly sej)arat('d, radiating stria' and veiy 
puncta'; a pair of ywy broad main \^ascular sinuses arch forward 
from a })oint beneath the umbo and inclose' a small, slightly elevated 
visceral area; a sti*ong cardinal tu])ercle ocean's e)ii each side of the 
pseudo area, whiedi was probaldy the point of attachment of the 
])osterior muscle, i. e., transmedian and anterior laterals. 

Dorsal valve gently e*onve'x in young shells. ])e'coming strongly con- 
ve‘x in old shedls; no traces of an are'a have Ijcen obseu’ved — if present 
it must have been short and very h)w, as the be'ak is nearly at the 
])lane of the maigins of tin' shell; casts of the interior show that the 
valve was thickein'd beneath the uml)o l)v a ridge that separated what 
may b(' called the umbonal (‘avity from the main cavity of the valve. 
On the cast of an old shell a rounded, narrow, longitudinal, nn'dian 
ridge di^ ides the umbonal cavity; on (‘ach sid(' of the cavity and beyond 
it tln're is tin' sti'ongly marki'd ])ath of advance of the transmedian 
muscle scars; in front of the ti'ansvc'rsc' ridg(' two strong ridges that 
exti'nd toward tin' ci'iiter of the valve occup}^ the position of the main 
vas(*ular trunks; in one spc'ciuK'n a narrow groove', extends from the 
central muscle s(*ar along the inside margin of the I'idge. 
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The imisel(^ seal's now known ai'(‘ th(‘ transnieclian and ecnitral; the 
forniei' ai‘(' sitiiatiHl elose to (In' margin of tlie valv(\ and tin* spinu' 
assiii'ned tlnan may also inelud(‘ the jiosterior laterals; th(‘ (anitral seal's 
are well indieatial in several s|)(‘eiiii(Mis, hut no traei* has hecm found of 
the antei'o-hiterals. The cardinal tubercle includes tlie space that was 
oeeupic'd by the several points of attachment of the ])ost(‘rior muscles, 
i. e., traiismedian, outside, and middle laterals; tln^ cast of the tub(M'cl(‘ 
is an elono*ate (h'pression just inside the maro'in of the shell. 

Ohs('rr((tJoi)s. l>y incorrect inter])retation both ]\Ir, Billings and 
myself identified the dorsal valvi^ of the speci(\s as tin' ventral, and 1 
followed him in illustrating a dorsal valve of OhoIcUtn^rftssa as thedor- 
sal valve of O. c/rcc. When studying sonie mat('rial re])resenting the 
species in the collections of the Ibiited States National Museum I 
noticed th(‘ edge of a shell that, on working it free from the matrix, 
pi'oved to be a ventral valve; two dorsal valves occur on the same bit 
of rock. Sul)S(‘(juently Dr. d. 1". AVhiteaves si'nt me a tablet f I'om the 
collections of the ( Geological Survey of (.^anada, on which six specimens 
were lal)el('d OhohUa r/yv*c. No. 1 is a cast of the intc'rior of the dor- 
sal valve of Oh(}h Ud r/v^s.s7^ and No. "1 the extcu'ioi'of sannv Nos. M and 
() are ventral valves of QdrJxTHi rh'C(\ and Nos. 4 and 5 dorsal valves. 

With the ventral valve identiti('d, it appears that the shell is not an 
OhnJtU(( but is the type of an undescribed genus, in which the ventral 
valve is elevated at the apex, and with strong cardinal tul)ercles for the 
attachment of the posterior muscle scars, very much as in Acrotrc'ta. 
This feature, and the presence of what appears to be the base of th(‘ 
cast of a foraminal tube, suggest that the ventral valve was perfoi-ate. 
(^>//cZ»crvVMip|)ears to l)e on the line of evolution from Oholrlla to th(‘ 
calcareous, perforate, inarticulate shells repi*(‘sented by Yorhta. 
()Jk>JlU<u (Jifcheri((, and ai'e all strong, calcareous, perforate' 

shells of the older Cambrian biuna, and are evidc'iitly closely related. 

Fonnation ami hwallty. Lower Cambrian. Limestoiu' l)owldei*s in 
conglonu'i'ate at Trois Pistoles, on the St. Lawrence River, below 
Quebec, Canada. 

Genus ELKANIA Ford. 

BUliiH/sia Kurd (nut de Kuninck, Anier. Juiir. Sci., 8d ser., XXXI, lS8(i, 

j). 

Elhmla Kurd, Anier. Jour. Rei., 8d s^er., XXXIl, 1886, p. ;)25. 

Elkiwia IIali. and Clarke, Pal. New Yurk, YIII, 18^2, Pt. 1, j)p. 75, 165; 

Fdeventh Ann. Kep. New York State Geologist, 1894, p. 241. 

General form ovate, biconvex; shell substance corneous and made 
up of si'veral thin layers oi' lamelhe that increase in number towtird 
the front and lateral margins. Surface marked by tine concentric 
stride of growth. Apex of both ventral and dorsal valves marginal. 
The interior of the venti'al valve has a thickened posterior section which 
has a central ])edicle furrow, and two flexure lines running obliquely 
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foi’wnnl and outward from the apex, a little inside of tlie o'rooves of 
th(‘ main vascular ti'unks; this struetm-(' is ap|)arently tin' result of the 
union of th(‘ aiaai with tin' bottom of the sludh so as to brino-. as the 
sh(dl oTcw, tlie path of advane(‘ of tlu^ p(‘di(de u'l'oovcx main vaseuiar 
sinuses, and Iat(U'al muscle scars all on one surface instead of on the 
ai*(‘a and th(‘ sludl ])(m('alh it, as in OJxthfs^ 

The uuisch‘ sca'irs ari^ ari‘anu'cd as in Olxtbt.s, The transnu'dian and 
anterior laterals oiaair well out toward the margin, and the space 
inclosino' tin* c(‘iitral s(*ars, middh* and outside latei’als. is in the c(mtral 
area, on the fi’ont (>f tin* slop(* of the thickein*d post(*rior portion of 
the valv(*; tin* points of attachment of the individual musch's ctin not 
b(* distino'uished. In the doi‘sal valve the (‘cnti’al and anterior lateral 
scars ai*(^ clearly shown in sevci’al s[)ecimens. The transmedian and 
outsidi* laterals an* situat(*d just outside the main vascular sinus. Our 
kuowl(*di>-e of the \ais(‘idar mai'kiiit^'s is limited to the main vasculai’ 
sinuses. <*xcept in one v(*ntral \ alve where the inner lirancln's have lieen 
pi’Cserved. In l)oth valves tin* main tiaiidc rises near the apex and its 
path is outlined aci*oss tin* rev(*rsed ai‘ea. 

The pn*cediiii>* d(*s(*ription dilfers materiall}^ fi'om that of ^tessrs. 
Ford and JIall and Clarke. I find the muscle scai*s as described above, 
and am com])elled to consider them as indicating the same muscles as 
in d'hat the genus is an advance on Oholusxw the evolution 

of the inarticulate brachiopods, I (pute agree with Hall and f'larki*; 
also that it is a stage in the transition fi’om Ohnln^ to Irhnrrelhi and 
its allies. The stage, how(*v(*r, is not far along, as nothing is seen of 
the platform in advance of the area, and the area is merged into the 
body of the sh(*ll. Klhnuif is aii Ohohis\y\ih the cardinal areas within 
the i)lane of the margins of the valves. In the type species, h\ dtsld- 
trutd^ the ai‘ea of the a enti-al valve is entirely within the valve, while 
that of the dorsal valve has lieen nearly obliterated in the ]jrocess of 
change fi'om an open backward-fatdng ai‘(ai to an inclosed forward- 
facing area. A compaiison of the interioi's of Oholus [L,) endains 
and (>hnJ\(x up(dlihb with those of KJlanhf do^lderatit and Eikanht 
hllidit illustrates that little cliange is necessary to convert the exterior 
(‘ardinal areas of Oholnx into the inclosed reversed areas of Elkanhi. 

As the beaks of Eihinhi are marginal, the pedicle passed out 
though an opening made by the gaping of the valves. 

Tin* four known sp(*ci(*s of the genus are the t\])e species, Eikauia 
diEdvrafa^ E, ld<o E, (onhlijua, in which the sh(*ll is very thick, and 
/d hilhdiF ‘I uiinute sh(*ll in which the form and tendemw is towards 
Lnufiddla rather than the thick oval forms of Ohohin. 

LnHjidaxma Clrich, has an in(*losed cardinal ar(*a, and is a more 
advanc(*d stagi* than hika nia \w the ti'ansition from ( dxd wwA its sub- 
genera to tin* true Trimerelloid forms. 

Set* Pal. X(.*\v York, VJ]I, I’t. 1, ]>|>. 24-2S, 
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Antliors liiive referred fre([iieiitly to tlie reseiiiblanees between 
speides of OholeVa and Elhurta dtsulerata. The.se do not appear to 
exi.st except in a .snperticial innnner. OhoJrUa is a stage in the evolu- 
tion toward the Siphono-tretidie, while Ell'funa is toward the Tri- 
inerellidav 

ELKANIA BELLULA, new species. 

General form elongate oval; l)iconvex; beaks marginal. Surface 
marked hy tine concentric striic of growth that occasional 1}^ form 
varacies and small ridges near the umbo; the inner layers or lamalla? 
have radiating stria in addition to concentric stria. 

The shell is relative!}^ thin and small. It rarely exceeds 2.5 mm. 
in length and a little less in width; the dorsal yalve is a somewhat 
shorter than the ventral. 

Ventral yalve snbacuminate, moderately convex; the interior shows 
a reversed cardinal area attached to the bottom of the valve and below 
the plane of the margins of the valve; the pedicle groove is strong; 
the line of demarcation between the cardinal area and the l)ottom of 
the valve is indefinite, as the mai*gin of the ai*ea and the body of the 
shell have been merged into each other; the tran.smedian and antero- 
lateral muscle scars are outside the main vascular sinuses and near 
the margin of the valve; the central scars and middle and outside 
lateral sears ai‘e supposed to have been attached within an area which 
is largely on the front slope of the thickening of the umbonal portion 
of the valve. 

The dorsal valve has a short i*eversed area; the antero-lateral muscle 
.scars were probably well advanced toward the front, judging from 
traces of the length of the visceral cavity. 

The vascular markings include the main va.scular sinuses in the ven- 
tral valve and traces of the visceral area in the dorsal valve. 

This pretty little .shell is much like a small species of Lingulella in 
its exterior appearance; the interior connects it with Elkanla. 1 know 
of no species closely related to it. 

Formatum and loealitti. — Upper Cambrian. Limestone about 3 
miles south of Benders Pa.ss, Silver Peak Kange, Nevada. 

SCHUCHERTINA, new genus. 

The description of the type species is that of the genus and species, 
as but one species is known of the genus. 

Tij2>e. — Sch uclie vt in a ca m hr la . 

The generic name is given in recognition of the admirable work that 
Prof. (Jharles Schuchert has done on the fossil brachiopods. 

SCHUCHERTINA CAMBRIA, new species. 

Shell subovate, with valves obtusel}" acuminate; biconvex. Sur- 
face marked by concentric lines and stride of growth and line radiating 
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>strijv‘. Tli(‘ inner and ont(‘i* surfaces of tln^ slndls liav(‘ \a‘i*v tin(‘ })iincta\ 
hut no traces of puiicta' j)eii(4rat in^‘ throiiodi tlie sladl have l)een 
ol>.scr^a‘c]. 

The larg(‘>st xanitral valv(‘ lias a length of 22 mm., xvidth 23 mm.; 
dorsal valvi*. hmgtli 17 mm., width Ks mm. Shell substance calinire- 
ous, rath(M’ thi(*k on the umhonal region and thin towai'dsthe margins. 

Wmtral vahe suhacuminate, mod(u*ately convex; on sonu' of tlie 
largtu* shidls a l)road mesial fold and arching of the frontal margin are 
pi*(‘sent; api^x terminates at the margin above a triangular opening or 
delthvrinm; ai’ca small and within tin' plane of the margins of th(‘, 
valve; it is attached to the bottom of the valve and dividial midway by 
a very slight ))edicle groove'; the margins of the delthvriumdike open- 
ing sustain an angle of about 43“ to the plane of the' valve, and the 
reversed area within is at its center nearly on the plane of the valve; 
the anterior margins of the area extend u])ward to meet the margins 
of th(' shell, thus forming a ri'versed arclied ari'a. The interior of the 
valve is marked by radiating, shallow, narrow furrows that vary in 
number and strength in ditfei’i'ut shells; just in front of the area on 
each side of t he median line oval de])ressions occur which correspond 
in position and sha])c to the dicluctor nniside seal's of tlu' ventral valve 
of the Orthiday and tlnw are so intcrpi*eted. Traces of the adductor 
scars are found on (‘ach sid(‘ of thi' median line. Dorsal valve obtusely 
acuminate, about as convex as thi' ventral vah e; apex marginal on 
th(' l>road, low, median arch of the posterior margin; no traces of an 
area have ])een obs('rved. A broad, shallow mesial sinus and project- 
ing front margin occur on adult shells. Tlu' position of the anterior 
and ])ostei'ioi’ adductor muscle scars is indicated, also the uml)onal 
thickeming in whiidi th(‘ diductor nuisch's wen' probably attached, as 
th(‘r(‘ is no trace of a cardinal process. Radiating furi'ows like those 
in tlu' vi'utral x alv(' ai'e strongly inarki'd in adult sIk'Hs. 

Ohs< - SrJnirltt i'fimi camhrJd is a shell that, as far as I know, 

is uni(pie. In its (v\t(‘rior foi*m it suggests a biconvex Orthoid genus, 
and this likeness is further increased by the haladlifoi'in scars of the 
ventral valve; the smooth surface and reversed areas suggest 
while the interioi* nm})onal portion of the ventral valve points to 
It may be said that S<‘lniclu'rflmi is a tv])e deprived from 
some early (iimbrian form allied to Quehccia and that its general 
aspects athliate it with the Oilhida'. 

Vorw<(floti (Utd Zen//////,- Aliddle Cambrian limestone. Thirteen 
niiles south of Neihart, 1 inih' below di\ ide on road to AVoolsey post- 
otlic(', Montana. 

OBOLUS ACADICA, new species. 

Only inteiaors of th(' dorsal valve of this species occur in the col- 
lections made by Mr. S. Lopm* on McNeils Urook in 1900. The 
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niat(‘rijil was pro\ isionally referred to (R (L) tfs^ l)ut tho 

})roa(llv rounded sul)(|iiadrilateral form of tlie dorsal valve se(mis to 
distini*‘uish it from that species and also from Olxtlus ( ns) 
J>rNfo))r)isis. 

The visceral ai’ea is narrow, extending a little in advance of the 
center of the valve. The main vascular trunks are narrow and widely 
separated. They belong to the siibmarginal grou]) and an‘ thus ({iiite 
unlike those of O. {I\) hrdnnNNsJs, The exterior surface and ventral 
valve are unknown. 

Formation and tocidity. Upper Cambrian. Etage 8 of iMatthew, 
]\IcNeils Brook, H miles east of Marion Bridge. Cape Bretoti, Nova 
Scotia. 

OBOLUS ISMENE, new species. 

This species is chara(‘terized by its elevated umbo, flattened posterio- 
lateral margins, and relatively thin shell. 

All that is known of the exterior surface indicates that it was nearh^ 
smooth, marked only )>y tine eomanitric striie of growth. Tlu^ inner 
lavers of the shell are ))('autifully marked l)y tim‘ concinitrie and radi- 
ating stria> that give the surface a cancellated apjK'arance. The shell 
is l)uilt up of several lavers oi* lamclhe that become mor(‘ oblicpie to 
the outer surface toward tin' front. 

Fonnaf ion and local !fy, — Middle Cambrian, Potosi limestone. Flat 
lliver, ]\Iissouri. 

OBOLUS MATINALIS Hall? 

LinguJeph matinalis Hall, Sixteenth Annual Kej>ort X. Y. State Cah. Nat. Hist., 
}). 180, pi. VI, tigs. 12, 18. 

A form indistinguishable from this species occurs in a gray lime- 
stone of C])per Cambrian age. O11I3" the general form of partially 
exfoliated shells is known. 

Formation and -Upper Cambrian. Chao Mi Tien lime- 

stone. Two-thirds of a mile west of Tai An Fu, Shantung, China, 

Collection of Eliot T. Blackwelder, Carnegie Institution Expedition 
to China. 

OBOLUS MINIMUS, new species. 

This is a small shell of the gimeral form of Ohol as slcmsicnsis. The 
ventral valve is obtuselv accuminate and the dorsal nearlv circular; 
valves gently convex. Surface marked b}" rather strong concentric 
lines of growth and numerous veiy tine concentric striie. The inner 
lavers of shell ai*e shiny i)lack and ornamented with numerous tine, 
radiating striie and concentric lines. Shell built up of several thin 
lavers or lamelhe that form a thin shell over the umbonal n^gion that 
graduallv thickens as the short, oldique lamelhe lieeonu' mori' numer- 
ous toward the front and side margins. The three speciimms in the 
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colh'ction uveriio’o uuu. in trjin.sverse clianietei*; the ventral in a little 
lono’or tlrin tin' dorsal valv('. 

A partially exfoliated ventral valve shows a well-marked viseeral 
area, extendino' forwai*d about one-third of the h'noth of the slu'll; 
also narrow main vaseular siniis(‘S startino* near tlie apex and extend- 
ino- obliipiely forward well into the valve, about midway between the 
uK'diau line of tin' valve and the lateral maro-ins. This neat little shell 
is distinoiiisln'd by its nearly eireulai' outline, low convexity, and 
small size. 

Foni((ifU>h and load'd y,- Aliddle C^ambrian. Chang I Isia limestone, 
Yen C'hiiang, Shantung, China. 

Collection of f^liot T. Pdackwelder, Carnegie Institution Expedition 
to (diina. 

OBOLUS NUNDINA, new species. 

This little shell ditfei’S from O. anai>i<.^ to which it appears to be 
most inairly related, by its more nearly circular dorsal valve, and its 
strongly concentrically-ridged surface. Its surface is formed lyy ele- 
vated, rounded, concentric ridges that are sonu'what irregular. Very 
tin(' coma'ntric stria' occur both on the ridges and on the interspaces 
l)(‘t W(‘cn, 

Form (d ion and local ify. — Middle Cambrian, ('old Creek, Llano 
County, Texas. 

OBOLUS OBSCURUS, new species. 

This s]^eci<’s is represented by one int(*rior of a small dorsal valve 
which is very distinctive, the exterior of a crushed dorsal valve, and 
ninm'rous fragimmts of the shell scattered through the hard, dark 
gray, shaly sandstoni'. The large dorsal valv(' has a length of h mm., 
width 7 mm. TIk' slu'll is strong and marked on its inner layers by 
I’adiating and concent I’ie stria'; the outer surface has numerous tine, 
eh'vated, slightly irn*gular concentric striie that, with a strong lens, 
give it a roughened appearance. 

An intei'ior of a dorsal valve shows a well-developed area, the 
greater portion of which is taken by the broad pedicle groove; a deep 
nmbonal cavity with a narrow median septum and obscure main vas- 
cular sinns(‘s on the outer margins of th(‘ cmvitv. Outside the sinuses 
on the ])ostero-lat(*ral slo])c, relatively large muscle scars are indicated. 

AVith the data available no satisfactory comparisons can be made 
with otlu'r s])cci('s. O. olmoiraH is a large strong shell of the general 
ty])e of Olndas rhra of the Middle Cambrian of Wisconsin. 

Fornadion and loadify. — Middle Cambrian. Ku San shale. Three 
and one-half miles southwest of Yen Chuang, Shantung, China. 

Collection of Eliot T. Hlackw^elder, Carnegie Institution Expedition. 
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OBOLUS SHENSIENSIS, new species. 

CxoiKM-nl form ovat(% witli the veiitnil viilve ])rotidly siilniouniintile 
:uid dorsal valve obtusely rounded. Valves moderately convex iu the 
specimens (Uiibedded in a tine-grained, dark limestone. Surface marked 
by tine, shnrp, concentric stri<e and traces of irregular, obscuicdy 
detined, low, i*adiatiiig ridges; the interior layei’s show line radiating 
stride and concentric lines. The shell issti’ougand liuilt up of numer- 
ous lamelhe obli(pie to the outer surface. Tlu^ largest ventral valve 
has a length of b mm., width T mm. Nothing is known of th(‘ int(M*ior 
of the valves. The form, surface markings, and shell structuie ar(‘ 
much like those of Oholux vtafinuHx and O. In outline 

O. xhe}ixicHxix is more elongate than O, mat i mil lx and less so than 
(K trfOiU'Nxix. 

Fonnatloa and Joadlty. — Upper Cambrian. Chao ^li Tien lime- 
stone. Eight miles south of Ting Hsiang Hsien, and one mile south 
of Chen Ping llsien, Shensi, China. 

Colh‘ctions of Bailey Willis and Eliot T. Blackwelder, Carnegie 
Institution Exj)edition to China. 

OBOLUS TETONENSIS, new species. 

The general form, convexity, and appearanct‘ of this species is so 
much like that of Obolux matlnaJIx that a genc‘ral description is 
unnecessaiy. It varies from that species in the shoider, more trans- 
verse dorsal valve, and tln^ naiTower outline of the ventral valve 
toward the beak. 

This species occurs in great abundance in the thin-bedded limestone 
in the upper portion of the C^ambrian section of the Teton Range, 
Wyoming, in association with BlUl tajxdla jmplna and Oholax (Llnga- 
fepxix) acumlnatax var. nieel'l. What appears to be the sanu^ sj^ecies 
occurs iiearl\" 700 feet lower in the section in a thin-bedded sandstone. 
The dorsal valve from this horizon is l)roadei* and more transverse 
posteriorly than the dorsal valve from the upper horizon. 

Formation and locaUty. — Middle Cambrian, on the divide at the 
head of Sheep Creek, near north end of the Teton Range, Wyoming. 
Thin-])edded limestones. Belt Park, 6 miles out from Neihart, Mon- 
tana. Three miles southeast of ]Malad City, Idaho, a smaller form, 
collected by Dr. A. C. Peale in Bostwick Canyon. Bridgei* Range, 
Montana, may belong to this species. It occurs in a tine-graimal 
sandstone low down in the Paleozoic section. 

Dark gra}^ lime.stone, Ophir City, Utah. 
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OBOLUS TETONENSIS NINUS, new variety. 

This vju’iety ditlVrs fi*oin th(‘, })Mr(‘iit s])ocios ;uul Ih’oin (K matuudix 
liy tlio inoi’(‘ (‘l()iio’at(‘ form of the dorsal vah o and tlio mor(‘ aiamiinato 
foi’iii of tlio \ (‘iitral valvo, the cai’dinal sloix's of the latter extendino’ 
nmeh further f()r^vard in the vaidety nlnns than in the two species. 

rii(‘ advaneial ])osition of tin' visceral ai’ea in the ^'cntral valve may 
h(‘ compared with the visceral area of ()l>ului< (/>.) cyv/xs'//.s'. 

FortHifiioH and londJitj. Middle C^imbiaan. Hcao-an fonnation, 
oiK'-half niil(' ('ast of (^anyon C'l'eek, 15 miles noi'thwcst of Fort Sill, 
Oklahoma T(n*ritory; also on W(\st side of Honey Oreek, ncai' SE. 
cormn-, s(m*. ;>5, T. 1 S., It. I E. NE. | sec. 2, T. 2 S., It. 1 E. Arcl- 
inoia^ map, (T(‘oloi»’ical Snrv(‘v, Indian Territory. 

OBOLUS PHERES, new species. 

This is one of th(' smallest of tlu' OhoJvx spe<‘ies known to me. It 
I’ccalls at first sio’ht O, (L.) trinona cnnr(,ras; l)ut it differs in having’ 
a thick. laniellat(‘d shell, and in l)(dni;’ moi'e I’oiinded on the cardinal 
ano-lrs. Th(' cxtm'ioi* surface is mai-ked by con(*entric liiH's of ^‘rowth. 
The shell is built iq) of thin lay(‘i*s or laiindhe, those toward the front 
and sides beino- arranged oblicjindy to the surface', as in all of the 
thi(‘k-shelled speeaes of OhoJax, 

Fornad'ton and londdy. Cambrian. Argillaceous slades, 

inteiTcdded in sandstone at Fox Glen, S miles (‘ast of llai’aboo, 
Wisconsin. 

OBOLUS (LINGULELLA) CHINENSIS, new species. 

Gene'ral form broadiv snbovate with the ventral valve broadly sub- 
aeiiniinate and the dorsal valve oval with the Y)ostero-lateral slopes 
soiiK'V'hat sti’aightened. There is some variation in the pi'oportions 
of width and length in different slndls. Valves rathei* sti’ongly convex 
for so thill a shell, in this respect resembling species of DJcelhanas, 
Surface marked liy tine concentric striie and lines of growth and very 
tine undulating concentric lines; this outer surface is usually a dull 
l)lack and adheres to the matrix; when the outci’ layer is exfoliated 
the surface is shiny black and marked ))v numerous radiating striie in 
addition to concentric striie; the inner surface shows a few scattered 
punctjc in addition to radiating and concentric striie outside the vis- 
(M'l'al area. The shell is of medium thi(‘kness and formed of a thin 
out(‘r layc)- andscvt'ral inner layers or lamelhe that are slightly oblicpie 
to the outer layer: the lamelhe are more numerous and more oblique 
to th(‘ outer layer over the anterioi' and antero-latei’al picrtions of the 
shell. d1ic v(‘ntral valves average 3 mm. in length, with width vary- 
ing from 2 mm. to 2,5 mm. The dorsal valve is slightly shorter than 
tlu' viMitral when the two valv(‘s have the saiiK' width. 
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The interior of the vcnitral valve shows that the area is short and 
divided midway by a narrow ])ediele furrow tliat m(n*o*es into the vis- 
eeral area, whieli extends forward about onedhii*d the leno'th of the 
valve; on each side of the antei'ioi* central portion of the visce]*al area 
there are two small trapezoidal areas within which the (‘cnti’al scars and 
the middle and outside lateral muscle scars were attaclied; the small trans- 
median and antero-lateral muscle scars are situated (dose to the main 
vascular sinus opposite the anterior poi’tion of th(‘ c<mtral visceral 
area. A partial cast of the interior of the doi'sal valve shows a ]-ather 
wid(‘ visceral area with the antei’o-lateral scars about the center of 
the valve and the eefitral scars about one-fourth of the distance back 
from the center to the posterior marodn. Of the impressions left by 
the vascular system only th(' main vascular sinuses of the v entral valve 
ha\a‘ been seen; these are situated about midway Ixdween the cei^tral 
visceral area and the margins of the valve. 

Oh><rrrafi()ns , — This sp('cies occurs abundantly in association with 
AcrnfMa AianfuiKjcHxJ^i, It is (dosely related in form to (K {Lhuju- 
UU<() 2 >rindeH of tin' ut)|X‘i‘ Olenellus zone of eastern New York, and 
belono's with a group of small shells that have a wide' vertical and 
geographical range, as is notice! uiider tlie des(*ription of O. L. j>rhul( I !. 
With the data available for comparison it differs from O. L. j)r I ml ell 
in its shorter cardinal ai*ea and visceral ar<‘a in the dorsal valve. 
From 0, {Lhujalelld) daineA\i differs in being bi'oadt'r in proportion 
to its length. 

Form(dl(m and loeidlUj,— Middle Cambrian. Chang llsia linn'stone. 
Two and one-half miles south of Yen Chuang, on NNF. s])ur of llii 
Lu Shall. China. 

(Yllected by ^Ir. Eliot Black welder, of the Carnegie Institution 
P^xpedition to China. 

' OBOLUS (LINGULELLA) DAMESI, new species. 

The general descriptions of 0. L, ehiuen.^i'i and O. L, prlnmx apply 
so closely to this species that it does not appear necessary to do more 
than call attention to the points in which they differ, PYoni 0. L. 
chinensls this species varies in having a more elongate, acuminate 
ventral v^alve and ovate dorsal valv(‘; the valves are also less convex, 
heroin O. L, pelm}(i< it ditfei's in the mon' gradual curvature of the 
sides from the apex to the front margin, in this ivspect resembling 
some varieties of O, L, fervmjlneons. The average size of the ventral 
valve is about 5 mm. in length ])v 3.5 mm. in width. 

The species is naunxl after Dr. Wilhelm Dames, who first described 
the Cambrian faunas of China. 

Formation and localltij, — ^liddle Cambrian. Chang Hsia limestone. 
About 3 miles southwest of Yen Chuang, Shan Tung, Cdiina. 

Collected by ^Nlr. p]liot T. Blackwelder, of the Carnegie Institution 
lApedition to China. 
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OBOLUS (LINGULELLA) ISSE, new species. 

In form and size' this shell recalls O. (L,) jxxjon it ditfors 

from it in the form of the dorsal valve and the (diaracter of tlu' outer 
surface. The shell is rather strong and mad(‘ up of several thin layers 
or lamelhe. Its outer surfaci^ is marked hv eoncentidc lines of growth, 
sonudimes grouped in more or h\ss elevated liands, and ov(U‘ all there 
is a thin encrusting’ or scahrou^^ layer that lias a minutely granular, 
dull surface, somewhat like that of O, {LiHijnlcpis) (jregira but very 
much liiKU’ in its granulations or [loints. The inner layers of the shell 
an' dark, shiny, and marked by concentric lines of growth and radiat- 
ing stria\ 

Format f on a?a/ tovaUiij. Middle Camlu’iaii. Near Cave Spring, 
Fish Ci’(‘ek Kaiige, Utah. 

OBOLUS (LINGULELLA) ORUS, new species. 

This is a shell of the C. (Z.) im(at!calas form, but ditfers from it in 
liein r more elongate: ventral valve more acuminate and dorsal valve 
proportionally hii'gei*. Its nearest allies in form are among the group 
of narrow, elongate shells occurring across the continent at (dipe 
Bi( don. It ditfers from all of them O. (Z.) voUfcht^ (), {L.) Jt amensir^ 
(}. (Z.) raniax^ etc: in having a thick, strong shell and usually more 
acuminate dorsal valve. The exterior surface bears rather strong 
concenti’ic lines of growth, and veiT tine, irregular, undulating, elc- 
vatcal stride that sugg(‘st th(‘ surface of O. ( Wextonia) eUa^ when seen 
ill a rethaded light with a strong magnitier. 

This little shell occurs abundantl; , but good interiors have not been 
found. Th(‘ main vascular sinuses appear to be submargiiial in both 
valves, and the visceral ai’ea of the dorsal valve narrow, extending a 
litth' beyond the centre of the valve. 

Fammtloa and JocatHif. — Middle Camlirian. Limestones of the 
Reagan formation, inteihedded in the middle part of the Reagan green- 
sand, 15 miles north of Fort Sill, one-half mile east of Canyon Creek, 
'\Vi(‘hita Mountains, Oklahoma Territory. 

OBOLUS (LINGULELLA) PELIAS, new species. 

This shell most mairly resembles 0, (Z.) drsfdrratus. It ditfers in the 
s([iiareiu‘ss of the dorsal valve caused by the slightly curved sides and 
(‘ardinal s1o}m\s. 'Ihe ventral valve suggests the broader forms of 
(K (Z.) drsidnratar^wvi^ the dorsal valve those of O, (Z.) vvcm'/c and (), 
(Z.) irh\o)ia of the St. (h’oix sandstone. 

Tlu' outei’ surfa<‘e of the shell is marked l)y clearly detfned con- 
(MMitric lines that are slightly irregular, and nari’ow, tine radiating 
undulations oi* costie towai’d the frontal Jiiargins. AVhen unusually 
well ])reserved, the surface also shows yvr\ tine, irregular concentric 
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strife between the concentric lines. The inner hiinc'lhe of tlie shell are 
marked by fine radiating* strije and the inner siu-face by more or less 
numerous punctye, very much as in 0, (L.) punetatas. For its size tlie 
shell may be considered as relatively thin. 

A single specimen of a ventral valve that is doubtfully lefern'd to 
this species was collected 3 miles south of Antelope Springs, Utah, in 
limestone forming a spur of the House Range. 

Formation and JocaUty . — Middle Cambrian limestones of Fish 
Spring Range near north end; also a little south of the middle of the 
range, Utah. 

The exact stratigraphic horizon of the limestones carrying this 
species is unknown. It is well up in the Middle Caml)rian or in the 
Upper Cambrian. 

OBOLUS (LINGULELLA) QU ADRILATERALIS, new species. 

General form rounded, quadrilateral: moderately convex. Surface 
marked by concentric lines and ridges of growth, with line stride 
between. The surface of the inner layers of the shell is shiny and 
marked by tine radiating strife in addition to the concentric lines. 
The shell is rather thin; it is built up of several layers. 

This species ditfers from other described species by its subquadri- 
lateral outline. In this respect it may be compared with O. ( ]V<stonia) 
chaaromm^ from which it dili'ers in having a thinner sladl and ditferent 
surface markings. 

Formation and locality , — Middle Cambrian. Coosa \hdlev shales., 
Cedar bluff, Cherokee County, Alabama. 

OBOLUS (LINGULELLA) SEPTALIS, new species. 

The dorsal valve is all that is known of this little shell. There are 
two speeimensin the collections of the United States National Museum 
and thiee in the eollectiou of Mr. Bryan E. Walker, of Toronto, 
Canada. 

The general form of the valves is much like that of (), (A.) rotnnda- 
tus. It is distinguished from the latter and other described species by 
the strong median ridge and septum of the doisal valve. The outer 
surface is marked by concentric strife and lines of growth and very 
fine irregular concentric stime tluit give a minutely rough sui*fac(‘. 

Formation and locality . — iSliddle Cambrian. Silicious shales, iMouut 
Stephen, British Columbia. 

OBOLUS (LINGULELLA) UPIS, new species. 

This is a small, elongate shell of the group to whiidi O. (A.) orw< 
belongs. It differs from the latter in being more elongate and in its 
mai'ked surfa(‘C chara(*tei*s, and fi*om O. (A.) collicia. 0 . {L.) Jlnme)nsi'<. 
(). (A.) caniur., and allied forms, in having a thick, strong shell and 
highly characteristic exterior surface. 
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Tli(‘ sliol] is thick, th(' anterior poilions beiiio- nmdo up of munerous 
lain(‘lla‘ ohliipie to tli(‘ (‘xt(‘]-ioi* surface, in this ivspect resembling' 
some of th(‘ s[)ecies of Oholns havino- thick shells. Th(‘ exterior 
sui'fac(‘ is marked by concentrii* lim‘s of growth, wdth veiw fine, 
somewhat irreguhir sti'iie between them. These sliow veiw distinctly 
on th(‘ anterior portion of the slndb Farther back they l)ecoin(‘ very 
iri’(\gular, giving a crenulated appearance to the strisv and lines of 
growth, and the surface looks as though it \vei’e formed of thin, 
imbi’icating scales or lamelhe. 

Th(' surface of O, {L.) suggests that of O. { AVtsion Ja) < u(/hfjf]nfs^ 
but I havi‘ beiMi unable to tind trac(‘s of the transverse lines (*haract(‘r- 
istic of AVr,sfonia. 

Formation and toiufUtij. -Middle Cambrian. One mile west of 
Cherokee, San Saba County. Texas. 

OBOLUS (LINGULELLA) FUCHSI Redlich, 

IJvr/ulfl/a furliFi KedivK'H, Pal. Indiea, new sea’., I, 189n; Cmn])rian Fauna, 
Eastern Salt Panye, }). 7, pi. i, ti^s. lOa-e. 

In the collection received from Doctor Noetling 1 tind that there 
occurs in association wdth tt. (L.) tnuinitol'J a small, elongtite foi‘m tliat 
appears to be identical with L. fnclim of Redlich. Do(*tor Redlicdi 
stat(‘s that his L. faclmi occurs in hard clay al)ove the lower magnesian 
sandstones ■vvhiidi rest on th(' shales containing (>. (Z.) iranna rkt . If 
my identiticatiou of the species is correct, (). (Z.) trann'orli) has a 
greater vertical range, oi‘ there may liave been soim^ error in idtmtiti- 
cation and in the labeling of the zone from which the original speci- 
mens wei’c obttiined. The id(*ntitication of the species in the material 
before me is based on the form of the vimti'al valv(‘, as showm by 
Doctor RedlicTs tigure 10c. Dorsal valves differ inatiulally from his 
illustration; but in anothei* specimen a little ]^it mentioned by Doctor 
Noetling is shown, also two ridges that leave a concav(‘ t’unow in the 
eenti'al portion of the cast of the valve. Tliese^ are the liiu's of the 
i]iain vascular sinuses. 

Ft a' mat ton and Jo<‘(dltij . — Middle (^ambilan. Zone of Ilmfrrki 
noctli'nji. in dark argillaceous shales, Khussak, Salt Range, India. 

OBOLUS (LINGULELLA) WANNIECKI Redlich. 

Ijhnjtih’Ua iramiieckt Redlich, Pal. Indica, new ser., I, 1899; Cambrian Fauna, 
Kastiu'ii Salt Kan^e, ]>. 7, pi. i, tigs. 9a-d. 

General form liroadly ovate, with the ventral valve obtusely accu- 
minate and th(' dorsal valve rounded siibtriangular; convexity moderate 
in the specinums embedded in argillaceous shales. There is consider- 
abh' range of variation in the outline of the valves. The surface of 
the slndl is marked by concentric lines of growdhand very fine, closely 
undulating raised striie that inostadate so as to give the surface a 
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oTanuhited appeaniiue. This type of surface occurs on O, (Z.) /W 
and O. (Z.) ujhs. The anterior layers of the shell are marked by radi- 
ating and concentric striie, and the interior of the shell has scattered 
punctie in addition to the radiating and concentric stria\ The shell is 
relatively thick and formed of several layers or lamelhe in addition to 
the very thin, outer, ornamented layer. 

The visceral area of the ventral valve is short, and the main vascular 
sinuses are about half wav between the center of the shell and the 
lateral margins. In the dorsal valve the visceral area is well developed 
beyond the center of tlie sheik and the vascular sinuses arc farther 
out proportionally than in the dorsal valve. The central and anterior 
lateral muscle scars are placed on an elevated central ridge, on each 
side of a sharp median septum. 

Ohservations. — This very pretty little shell occurs in great numbers 
in the dark argillaceous shales with Hoeferia itoetlhuji Redlich. 
Doctor Redlich states that it is the only species of the genus in the 
collection sent to him. In the collections made by Dr. Fritz Noetling 
1 tind associated with lhhf<ria noetlingi^ 0. (Z.) O. (Z.) 

fuchsi, ^loljtrgia-ArwtluU gnmiilata'' Redlich; also specimens of a 
species of IlgoUtlhs undescribed. 

Among the American species of LJngidella.^ (K (Z.) tr<n}niecki may 
be compared in form with O. (Z.) .stZAs^and O. (Z.) oiC(nl. Its surface 
is much like that of O, (Z. ) upii< and O, (Z.) orus. It is distinct from 
all described species when its form and surfa(*e are taken into consid- 
eration, as there is no species with its subtriangular t’orm that has its 
granulated surface. 

Fortmition <U}d locality. — Middle Cambrian. Zone of lloefena noet~ 
Ungi. Dark argillaceous shales, Khussak, Salt Range, India, The 
formations containing this fauna are referred to the Middle Caml)rian, 
as there is no evidence that the Cambrian fauna of India above the 
upper Amielid sandstone, as described by Dr. Fritz Noetling and Doctor 
Redlich, is older. 

OBOLUS (LINGULEPIS) EROS, new species. 

Ventral valve elongate w ith rostral slopes gradually converging so 
as to form an accuminate beak. Surface marked b}" tine concentric 
lines of growth and very line, somewhat irregular, concentric stria?. 
Rather large scattered punctie occur on the interior surface. 

This species is represented by fragments and hvo broken ventral 
valves; these indicate a length for the ventral valve of from 7 to 10 mm. 
It is allied to <J. {^Liag\depid) acumi aatai^ (reel's! of the Middle Cam- 
brian fauna of the Teton Mountains of Wyoming. 

Forinatio)( and hnudity. — ^Middle Cambrian. Chang Ilsiii limestone. 
Three miles southw est of Y(‘ii Chang, Shantung, China. 

(Collected by Mr. Elliot Rlackw^elder of the Carnegie Institution 
expedition to China. 

Proc. X. M. vol. xxviii— 04 22 
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OBOLUS (UNGULEPIS) ROWEI, new species. 

In outline and convexit.y the viilves of this species are closely related 
to those of O. {Lnufulepi-^) acfnniiHftu^^. It dillers from the latter 
and other described species hy the strong, raised, concentric lines, 
with veiy imperfectly detined tine stria3 between them. 

The specitic name is given in memory of Mr. K. B. Eowe, assistant 
geologist, who collected the material representing this species a short 
time before his death. 

Fornwthm Hhd /ccc//?^//.— ^Middle Camlnnan. Keddish-brown sand- 
stone. Resting Springs, Inyo County, California. 

OBOLUS (WESTONIA) ALANDENSIS, new species. 

sp. No. 2. L'utgn/flla sp. Nos. Hand 5. Wiman, Bull. Geol. Institute, 
rpsula, N(l 2, VI, UHV), Ft. 1; Studien Nurdbaltiscbe Silurgebiet, p. 52, 
pi. 11 , tigs. o.‘>, 35, 39. 

This species is characterized by its broad form when compared with 
O. ( drstonia) Ijottnh^u^ O. {^Yei<tonhf) icinnuii, and 0. ( Wcsfonia) hal- 
tlca. Its surface is marked by tine concentric lines of growth, with 
very tine, thread-like, concentric stria* between them. Under a strong, 
retlected light, almost microscopic, transverse, very irregular lines 
can be seen that give the surface somewhat the appearance of that of 
C. ( \Vei<to)ii<() ella. 

Fortnaiion and local/ty. — Middled Cambrian. Gray, bituminous 
sandstone in drift bowlders on Aland and Bi hidden shores of Getie 
Bay, Sweden. 

For reference to geological horizon, see description of O, ( Westonia) 
hottnica, 

OBOLUS (WESTONIA) BALTICA, new species. 

f sj). No. 4 and <>. Wiman, Bull. Geol. In.stitute, Upsala, No. 2, VI, 
1903, Ft. 1; Studien Nordbaltische Silurgebiet, j>. 52, pi. ii, figs. 34, 37, 38. 

This species is characterized by its elongate form, with the sides of 
the dorsal valves regularly rounded from the liack to the rounded 
frontal margin. The dorsal valves are also more regularly and 
strongly convex than in other species occurring in the Cambrian 
sandstones of Sweden. The outer surfaec* is marked by concentric 
and radiating stria*, crossed obliiiuelv by very fine, irregular trans- 
verse stria*. The latter are only to be seen with a strong magnitier 
and favorable light. 

Foi'tunfion and JocaUty, — ^liddUC Cambrian. (h*ay, bituminous 
sandstone. Drift bowlders at Biludden, shore of Getie Bay, and 
Skalstenarne. Also near Ofverby in the '‘Gemeinde of rlomala 
Aland.'^ 
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OBOLUS (WESTONIA) BLACKWELDERI, new species. 

General form elongate, with the width about one-half the length; 
front margin broadly rounded; sides slightly arched up to the lateral 
slopes which are quite straight in the ventral valve and curved toward 
the rounded posterior end of the dorsal valve: the beak of the ventral 
valve is pointed and marginal. The convexity of the valves i*s mod- 
erate. that of the dorsal apparently being the greater. Surface 
marked by concentric striie and lines of growth which are crossed by 
irregular, fine, imbricating, more or less transverse lines; the trans- 
verse lines trend slightly backward toward the sides of the valves. 
A dorsal valve 8 mm. in length has a width of 5 mm. 

Ohservafions . — Nothing is known of the interior of the valves. 
When the shell is broken from the limestone, the outer surface usu- 
ally adheres to the matrix. The best exteriors are those of shells on 
the surface of the layers. Of the known species of Westonia^ 0. ( IF.) 
nnwani and <9. ( W) Ijaftica are most nearly related to O, ( TF!) hlacl'- 
irelili rL The latter is a larger shell and also less narrow proportion- 
ally where the gently arching sides pass into the postero-lateral slopes. 

Formation and locality. — iliddle Cambrian. Chang Ilsia limestone. 
Two, and two and one-half miles south of Yen Chuang, Shantung, 
China. 

Collected hy ]\Ir. Eliot Blackwelder of the Carnegie Institution 
expedition to China. 

OBOLUS (WESTONIA) BOTTNICA Wiman. 

Lingula hottnka AViman, Bull. Geol. Institute, Upsala, Xo. 2, VI, 1903, Pt. I. 

Studien Xordbaltische Silurgebiet, p. 51, pi. ii, tigs. 40-44. 

The description of (K ( Weston ia) jirdanden-^is so closely ap])lies to 
the description of this species that it is only necessary to point out the 
difference between the two. 

The surface of 0. {Westonia) hottnica has the same concentric and 
radiating lines, with the irregular transverse lines terminating at right 
angles to the margins, curving inward and backward in such a manner 
as to obliquely cross the radiating lines that extend from .the umbo 
forward to the anterior and antero-lateral mai’gins. The central scars 
of the dorsal valve are much further forward in O. ( We><tonia) hottnica. 

Formation and locality. — Middle? Cambrian. Coarse grained, 
somewhat friable, glauconitic sandstone, drift bowlder No. 3 on 
Eggegrund Island, North Baltic. 

Dr. Carl Wiman refers this species to the Olenellus sandstone series. 
The bowlder containing it also carried Aparchites? anders^oni ^ dlij>- 
pjonicharior inatthead, Acretrda eyyeyrundenAm^ Katonjina? ? t/^relfclht 
l^riyata, and fragments referred to Olenellvs. This faima is essen- 
tially ^Middle Cambrian in its facies, and unless the fragments referred 
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to OJeyieUus arc inclisputal)l\^ of that genus, 1 am inclined to refe]’ the 
bowlder and its contained fossils to the Middle Cambrian. The fact 
that C. {]]"stonia) hottnlca is nearly identical with 0, ( in.sA>;//V/) 
ji)il(nt<lft(sis of the Dfradoxidfs tr.^shu series of Finland, also points 
to the Middle Cambrian age of the fauna. 

OBOLUS iWESTONIA) IPHIS, new species. 

This shell ditl'ers from all other species of Westonia in having a more 
elongate and accuininate ventral valve, and in the presence of a marked 
mesial depression on the dorsal valve. The shell is rattier thin and 
made u]) of several very thin la vers or lamellav The outer surface is 
marked by tine radiating striae concentric stria% and lines of growth, 
and tine more or less undulating, transverse lines that cross both the 
radiating and concentric lines. The transverse lines appear to be the 
edges of slightly elevated imbricating lamelh^ of the shell. 

Format f on and tocaJiti/. — Fpper Cambrian and Ordovician. Lower 
Ordovician Pogonip formation, Hamburg Ridge; also near the Bull- 
wacker ^line. in the I pper Cambrian Eureka District, Nevada. 

OBOLUS (WESTONIA) THEMIS, new species. 

General form subsemicircular, with the venti'al valve subaecuminate 
and the dorsal valve broadl\^ ovate in outline. Valves rather strongly I 
convex. Surface of the shell marked 1)V strong concentric lines of 
growth with tiner intermediate striae in addition there are very tine, 
irregular, raised, more or less transverse stria^ that inoseulate, form- 
ing a minutely papillose or granular surface much like that of O. ( FT^) 
t'Ua. It often occurs that the outer surface has been removed by attri- 
tion in the sand, so that the shell has a smooth, polished surface. • 
Owing to the condition of preservation, the markings of the inner 
layers are not preserved. The shell is strong and thick in advance of | 
the center. It is made up of the thin, outer surfa(‘e layer and several ■ 
inner layei's, as lamelkT. in the posterior portions that are slightly 
oblique to the outer surface. After the shell has attained a size of 2 
or o mm., the lamelhe are more oblique to the outer surface and form 
a thick, strong shell, the outer edges of which often produce a rather 
rough surface. 

The largest ventral valve in the collection has a length and breadth 
of 10 mm,; a dorsal valve Lo mm. in length has a width of 11 mni. ^ 
The only interior portion of the shell known is on a fragmentary ven- 
tral valve, in which the visceral area does not reach the center, and 
the main vascular sinuses are about halfway Ixgween the center and 
the lateral margins of tlu‘ valve. 

i)^ti<f:rvatio)ii <. — The general form and character of the shell is much 
like that of O. loperL It ditfers from the latter in surface characters. 
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Formation and locality . — Middle Cambrian. Solomon Formation, 
235 feet above Tonto sandstone, Grand View Trail, southern side of 
Grand Canyon, Arizona. 

OBOLUS (WESTONIA) WIMANI, new species. 

Lingula f sp. Nos. 1 and 2. Llnguldla ? sp. Xo. 7, 'Wimax, Bull. Geol. Iiif^titute, 
Upj^ala, Xo. 2, VI, 1903, Pt. 1; Studien Xordbaltische Silurgebiet, ])p. 51, 
52; pi. n; figs. 30, 31, 32, 36. 

The general form of this species is not unlike that of O. ( Wedoiua) 
hottnica. The cardinal slopes of the ventral valve are more rounded, 
which makes the valve broader near the center. All of the specimens 
are also smaller. The surface markings are of the same character as 
those of O. {Limjaltlla) jinlandeihsis i\\\A O. {Westnni a) hottnica. 

It is not impro])able that with the discovery of a large series of 
specimens the three species may be combined, or 0. {We.donia) hott- 
nica and O. ( TI "estonia) vdnnani placed as varieties of O. ( Weston ia) 
Jinlandensis. 

The species is named after Dr. Carl \Mman. 

Formation and locality. — Middle i Cambrian. Fine gra}^ sandstone, 
drift bowlders at Biludden, shore of Gelle Ba}^, Sweden. For reference 
to geological horizon refer to description of 0. ( Westonia) hottnica. 



